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SSA,,,. ;EPARTMEtif OF THE AIR FORCE
"g-.;U .ADQUARTMRS UF MTED STATES AIR FORCE

S.-WASHiION 1, 0.. Q.

sý-5U1ECT: (Uncl) Final Letter czn Project No. APG/ADA/,3-F-1

1± A I"- -, J n -,

VIZ. ect. APG/AL),h3FJ

I.. AJr Pvc-r-Lng Grciad Repor-: No. APG/ADA/43-F-1, uCo&,Dat Sui t

bility T±'e.st of P-36F-2 Aircraft with T-160 Gnsus, dateýd 3 Lug-ust 195Q,
has been reviewed by this Headauarters.

2. The conclusions contained therein are concurred -n and the
reco= endations Lqre approved.

a. R~eference paragraph 5a-(1) which reccmmends that considera-

tion be given to the inclusion of -he T-160 20m gun in futz.re fighter
aircraft.

(1) TMe T-160 gun is presently scheduled for the F-,6H)
F-100 and F-1-01 Jircreft', and is being considered
for the F-105.

b. Reference paragraph .a (2) which reccmmends that the problems
aasociated with engine compressor stalls be resolved prior to the accept-
amce of the T-16C gun for future aircraft.

(L) The problems aeso-iated with ccmp,'ýessor stalls are being
investigated by AIDC on a high priority basis. Based
on information av-ilable from resui'-zs of present flight
testing, it is thi? opinion of ARMC that these problem
will ba resolved before the first production aircraft
with T-!60 suns i:, taken luto the Air Foree inventory.

c. Reference paragraph 5a(3) which recommends that six to eight
seccnda of Iire tbe provided in -.. ture aircraft equipped with T-160 guns.

(I) The F-86H will be provided with seven seconds of fire;
the F-100, 11 secoads; the F-101, 15 seconds.

CONFIDENTIAL
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d. Refgexnoe paragraph 50)Czw -"Aivi reccxwneido the development

Of tracerý amuition for the T-160 gun.

()A requirftmnt has been established for tracer ammunition
for the T-160 gun. In addition, a requirement for an anWr
Pier'cinig round has also been established. It, is estimaited
that these rounds will be available for test at AFAC In

January 1954, and will be in production. about September 1954.

*. Reference paragrapIh 5a(5) which recoazuends that a suitable reticle
osa~a ~nstal~tun ilizil* the ' atumGS Of the Zoamai~r erector headb pro-

Tided ink future fighter aircrafto

(1) An aircraft modific4-tion proposal for the substitution of

5/8*'wide Zoouisr Lens Assembly in Place of the present sight
reticle eamera lens adaptor is being processed in accordance
with AYR 57-4.

f. Rieference paragraph _9&(6) which recommenids that a more effective
system. of q~vality control of components be provided for the Z-160 gin

(1) A-copy of the subject repor't was forwarded to d= -for reso-

lution of quality control problems on the T-160.gun with the

Ordnanco Cqrps, D)epartmient of the Army,

as Reference paragraph 5a(7) which vecomends that. an objec'tive
training program be initiated to .Ulfill the training requirements for the
T,160 gun.

(1) T_16o guns havea been received by ATHO ancd training has been
included in the regulfAr Weapons M~echanic Octurse, No. 46250.

A,. 'Reference paragraph. 54t(8) which reccmuenWs installation of a
seklector switch to permit firing of either two or four

(1) Action has been initiated to process this modification

proposal in a~cordance with AnR 57-4.

BY ORDM OF MflE OR=~ OF STAfl

PLEASE NOTE:7
This Approval Letter has been
reproduced by Hq. Air Proving
Ground Coinand. It should be B3. K. HOLLOWAY 7
made a part of your copies of B1rigadier Genarar8,,USAN
th'i project it refers to. Deputy Director ot Requila4man8
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SECULRITY INFQRMATION

• iHEADQUART0FJ SECRET

AIR PROVING GROUND COOMAND By authority of Comdr
Eglin Air Force Base, Florida Air Proving Ground

Command .. /

3 August 1953
COMB•AT SUITABILITY TES_ OF F-86F-2 AIRCRM'T WITH T-160 GUNS

PHOJECT NO. APG/PJ3A/43-F-I

1. Attached hereto is the Final Report on Pxoject Non, APG/ADA/43-
F-i. the object, of which was to determine the operational capabilities
wd limitations of the F-86F-2/T-160 gian installation and to assess the
Lpact this new weapon may have on th'ih Air Force. This project was con-
-a--ed i- --- -- a, under the operational control of FEAF.

2. The F-86F-2 gun installation included four T-160 20 nm guns
with a total w"iunition capacity of 460 rounds (approximately 4h
seconds of fire). The T-160 gun is a revolver type, electrically fired
ueupon having a cyclic rate of 1500 rounds per minute and a muzzle ve-
lootty of 3150 feet per second.

3. air Force operational experience and studies of weapon effec-
tiveness have indicated the xcquirement for a fighter weapon of higher
kill potential than afforded by our present caliber .50 armament system.
The 20 mm T-160 gun with its related ammnunition has the potential of
providing the Air Force with a reliable weapon to meet this requirement.
This is based on pilot opinion, & alysis of the effect of enemy HE
SMwunition on our aiecraft, studies of tevinal effectiveness of similar
ammunition conducted in the past, zd effect of the T-160 auunintion
"against ground targets. The woisht penalty in the aircraft and the cost
to the Air F'orce in terms of personnel and support requirements are con-
sidered acceptable in view of the weapon's higher kill potential.

4. The test installation was not suitable for combat due to the
limited quantity of &munition and the occasional occurrence of engine
compressor stall while firing the guns. These major deficiencies and
other problenas of a less serious nature must be corrected in any pro-
duction instnl.. .on.

5. In view of the above considerations it is recommended that
this weapon be given extensive consideration in the selection of an-
went systems for future fighter aitr£aft,

1 V.4 4) BFRLT4LM

Major General, USAF
Conrmander

SECRET
SECU'HTY 3N FORkMATION
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1, ILTRO rtTIQN:

The Air Proving Ground Command was directed by Headquarters
USAF to conduct a combat test of the T-160 gun as installed in F-86F-2
aircraft to determine its operational suitability under actual coiat
condi.to ..a. This e . . on. phase of a comprehensive test program
involving the evaluation of several new designed guns installed in
"various fighter aircraft,

Ten aircraft were manufactured with this installation. Eight
of these were committed to this program. During the period of 8 - 24
October 1952, these aircraft were received from North knerican Aviatsun,
Inc. and were delivered to Edwards Air Force Base, California where a
shakedown test of the Installation was conducted to minimize the possi-
Wllities of functional deficiencies reflecting unfaiorably on combat
test results of the gun installation. The results'of these shakedown
"tests indicated that the installation had reached en acceptable state
of reliability to be committed fog combat test (Reference APG Report
A1G/iWA/43-A-l,.

To minimize the possibility of failure of any of the new
components and to insure a comprehensive evaluation, a test team was
formed. Team members were composed of qualified personnel from APGC.
AJDC, TAC, ATRC, WADC, Aberdeen Proving Ground, North American Aviation,
Inc., Ford Motor Company, Sperry Gyroscope Company and General Electric
Company.

The test was conducted in Korea under the operational control
of the Far East Air Forces, with the assistance and participation of
personnel from the 4th Fighter Interceptor Wing. The flying phase of
this program was conducted during the period of 16 January 1953 through
1 May 1953.

The installation in the aircraft included four T-160 guns, each
provided with 115 rounds of ammunition (approximately 43z seconds of
fire). The 20 "a T-160 gun is a revolver type, gas operated, belt fed,
electrictilly fir.d weapon which has a cyclic rate of 1500 rounds per
minute and a muzzle velocity of 31.7 feet per second. The ammulittion
provided for the gun includes an API, IKI and a practice round. This
weapon was designed to provide increased effectiveneza against air-to-
air and air-toe-round targets.

2. W JýECT:

Thi object of this test program was to determine the opera-
t~onal capabilities and limitations of the installation and to assess
the requirements imposed on the Ale Force by the use of this new
weapon. The following factors were considered In this evaluation.

7
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Because of the volume of the data collected, details concerning each
factor considered have been included in the Appendices.

a* Accuracy

b. Terminal Effectiveness

c. Aircraft Performance Penalty

d. Amnunition Quantity

e, Tactics

f. kellability

g. Training Requirements

3. OPERATIONAL ASPECTS:

aI. CA cbciui.e ,and Lim

(a) HarmonlimatIo. Boreslohtina and Fire-in:

Ali aircraft were harmonized and fired in on
a 1,000 foot range vsing API ammunition. The
range facilities at the test site precluded
the use of a longer range for fire-in. The
Installation features provided for boresight-
ing and firing-in of the guns are critical.
Too much tirt and effort (20 to 30 man-hours)
is requirtd to obtain acceptable dispersion
patterns. (The p;ocedure used and the re-
suits of each Individual aircraft are attached
as Appendix C.)

(b) I ereased Muzzle Velgclty:

The increase in muzzle velocity provided with
this ammunition results in a decrease In time
of flight of the projectile relative to the
.30 ealiber " ammunition. The value of this
decrease with this ammunition Is in the order
of 6% to 7%, Due to the large variables In
altitude, air speed and range of firing during
the combat test, it was not possible to validly
assess the effect on accuracy implied by this
increase in muzzle velocity. It is considered

8



reasonable to assume that this is an advantage;
however, It is obvious that this small improve-.
ment becomes lost when considering the larger
variables, such as, the pilot's ability to
track accurately, the poor response of the air-

S( craft at extreme altitude, etc.

(c) Requiment for Tracer Anmunition;

The pilots flying these test missions were
unanimous in their opinions that there exists
a requirement for tracer ammunition for this
new weapon. This is most apparent In fighter
versus fighter combat since oftentimes a pilot
does not hove tirae for accurate and effective
tracking, To meet this operational require-
ment during this test, the API ammunition was
dipped in beeswax which provided a smoke trace.
Although the procedure of dipping the ammuni-
tion was tima-consuming and the trace left by
the beeswax was not of sufficient range, it
did serve to fill the demands to a limited
degree.

(d) Air-to-Air Firina:

During the conduct of this program, 284 combat
sorties were flown. Mig-15 type aircraft were
sighted on 139 sorties. Firing was accomplished
on 41 occasions. Twenty of the above f1Krings
resulted in no hits observed due to extreme
ranges, extremely high deflection shots or
discontinuing of attacks due to engine compressor
stalls. Twenty-one of the firings resulted in
hits being observed on the enemy aircrhft.

(e) Air-to-Ground Firing:

Six missions were flown in a rear area under
controlled conditions against two standard 2ýj
ton arwy trucks and one General Sherman tank,
Multiple hits were observed on each firing
pass where the pilot's tracking was effective.

(2) Terminal.Effectiveness:

(a) Agpinst N112=15 Type Aircra.ft,

The anmnunition loading for all air-to-air

9



missions was alternate rounds of API and 11I
ammunition. On the 21 firing occasions where
hits were observed, the following claims were
assessed; Six Mig-15 type aircrwft destroyed;
three Mig-15 type aircraft probably dostroyed;
and twelve Mig-15 type aircraft damaged. Al-
though the gun camera film obtained from these )
missions was above average In quality, it was
impossible to readily assess the damage in-
flicted by each round on the'enemy aircraft.
T Institute for Air Weapons Research is
charged with the respon6lbility of terminal
ballistics assessment. The data fromi their
assessment will be published in a supplemental
test report. (Appendix D, Part 1, includes a
summary of the conditions of each of the eu.
gagements where the enemy aircraft was fired
on. Part 2, Appendix D, shows the effective-
ness on one Mig-15 at 43,000 feet.)

(b) Againat Trucks:

Both NEI and API ammunition were found to be

effective against trucks. The multiple damage
imposed by each BEI round indicates that this
sumunition was nuzh more effective than the 4

API. Single pass attacks against well defended
ground targets, such as trains, airfields, etc..
wIll be much more effective with aircraft
equipped with this gun end its related ammuni-
tion. This will enhance the Air Force capabilities
to effectively destroy these type targets. This
is an important consideration In the tactics
utilized in this type attack. (A pictorial
presentation of tho damage sustained to trucks
is included in Appendix D, Part 3.)

(c) Against Tanks:

Neither the HEI not API round appeared to be
very effective against tanks. The penetration
of owe API touid oni the tank mantle was measured
and found to be 1-1/0". This would not have
been effective since the thickness in this area
is approximately 4 inches. Some damage was
caused to the bogie wheels by API and HEI rounds.
Since there was no track on the target tank, it

10



was impossible to determine if this; would have
stopped the tank. Pictures of the damage sus-
tained are included as Part 4, Appendix D.

(d) Effectiveness of nemy HE Ammunition soainst t
F-86 Aircraft:

Since damaged or destroyed Mig-15 aircraft were
not recoverable, evidence of the destructive
capability of the IH ammunition can be obtained
by observation of the severe battle damage sus-
tained by two of the Gun Val aircraft when esc.
was struck by one H, projectile from enemy &>-

craft.

On the first case the damage was caused by a
23 mm 1E shell which detonated in the fuselage
fuel tank and in the second case, damage was
caused by one 37 imd ME thell whbih acuck In-
the lower rear portion of the fuselage. Damage
inflicted by the HE ammunition in both cases
clearly indicates the desirability of the HE
round. (Pictures of the damage sustained are
included as Part 5, Appendix D.)

(31. Aircraft Performance Penalty: I-

(a) Ceallin and Rate of Climb:

The weight of the test aircraft was increased
by 230 pounds over F-86F-l5 aircraft and by
275 pounds over F-36F-l0 aircraft operating in
the same tactical unit. There was no notice-
able difference in performance observed up to
43,000 feet. However, above this altitude, It
was the consensus that there was a small penalty
in rate of climb and in the absolute ceiling ol
the aircraft.

.() Deceleration When Firing Guns:

The deceleration while firing the guns in this
installation was noticeably greater than that
observed while firing F-86F's with the .50
caliber installation. This deceleration be-
comes more apparent and less acceptable when a

1!



longer burst Is fired.

(4) A o-u Ltku aRt ItLy

As stated in the Introduction, the test installation
provided for 115 rounds of emmunition per gun with
the cyclic rate of 1500 rounds per minute. This
afforded approximately 4.5 seconds of fire. This
quantity of aiwunition in considered inadequate
for the type combat experienced in Kore-. .•lthough
effective damage was inflicted.on 21 MIg-i5 type
aircraft during this test, it should not be over-
looked that the caliber of pilots flying these
tests was high by Air Force standards. Six to
eight seconds of fire with this installation is
considered to be the minimcum acceptable.

( 5) Hell ai lo.i:

(a) ~~et

Three hundred sixty-three air firing missions
were flown during the conduct of the test;
284 were air-to-air combat sorties, 6 air-to-
ground sorties and 73 gun gas test sorties. 4

A total of 108,893 rounds of ammunition were
loaded with 98,135 rounds fired 1-er a total
fire out of 9K% During the last 65,000
rounds fired, a fire out of 93.2% was achieved.
During this firing 210 stoppages occurred,
giving a stoppage rate of 2.2 per thousand
rounds fired. During the last 65,000 rounds
fired. 99 stoppages occurred for a stoppage
rmte of 1.5 per thousand rounds fired. This
relirnbility was achieved through the use of
rigid inspections and a great awount of pre-
ventive mai ntenance. (Note: It must be kept
in mind that the test equipment was comitted
to this combat test very early in the develop-
ment cycle. There were several examples of
poor quality control &f gap components and
related items. As an example, a portion of
the anti-double feed switch assemblies were
Improperly manufactured, improper outside )
dimensions of gun barrel, improper dimensions
of drur support, azmunition without propellant,
etc.) A complete breakdown of the stoppages
encountered is set forth in Appendix E.

12
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(b) Ere_ CoLtrol:

The fire control system was completely operational
on 92% of the missions as reported by the pilots.
The radar did not function properly on 6.5% of
the missions. The radar and manual ranging systems
were both inoperative on only 1.5% of the missions.
There was no evidence that the increase,4 forces

imposed on the aircraft by this new weapon caused
any adverse effects on the fire control system. I
The metal flex computer shock mounts reduced the
reticle vibration to an acceptable value. A
detailed account of the operation of the fire
control system Is included as Appendix F.

(c) Reticle Camera Installation:

The reticle camera Installation in these air-

craft which included the Zoomar erector head
Was found to be desirable and effective. The
installation of the camera in an inverted posi-
tion and the requirement for an additional set
of lens in this erector head caused the result-
ing image to appear inverted. This is undesirable
and should be corrected by arranging the camera
in an upright position, (See Appendix G)

(d)

There was no evidence that other components of
* the aircraft had been adversely affected by the
* armament installation.

(6) r.• ssor Stalls Encountered pale Firna Guns:

At frequent and mnpredictable times while firing the
guns above 35,.0O feet, lorge flashes were observed
forward of the gun muzzle. These flashes were of
varying intensity and at timos extended well forward
of the aircraft. Of the 363 missions flown, there
were 20 occasions where the pilots reported iin engine
compressor stall accompanying the large flash obseLved
while firing the guns. Six of these occurrod while
firing at enemy aircraft and necessitated the dis-.
continuance of the attack. Early in the test program,
one aircraft was lost due to conditions associated
with this engine compressor stall problem. Although
several fixes were attempted, none proved suitable.

13
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The phenomenon associated with this problem, although
not fully understood, is hting investigated by the
aircraft manufacturer, the Ordnance Department and
responsible Air Force agenf:ies. (Complete data on
the conditions under which these engine compressor
stalls were experienced is included in Appendix Fl.)

b. Oroanizationaj I..nact:

(1) Personnel:

The weight of the T-160 gun, the increased maintenance
demands, and the problems of boresighting and harmoni-
zation will make it necessary to increase the number
of armament personnel in the tactical unit utilizing
this equipment by an estimated 30% over the present.
authorizatio•n, If present concepts of utilizotton of

aircraft are to be achieved. This increase in personnel
should be made in the weapon mechanics and appreutice
weapon mechanics field.

(2)

Although the basic principle of this gas operated
type gun is very simple, special emphasis must be
placed on the tr•iining of weapon mechanics in basic
electricity in order to insure proper maintenance
of the armament electrical system associated w.dth
the gun. (A suggested training syllabus for the
T-160 weapon is inclosed as Appendix I.)

(3) Maintennce!

To obtain maximum reliability of this weapon during
the Korean test, a great amount of preventive main-
tenance was accomplished, in the formn of rigid in-
spections and replacement of parts sometimes
prematurely. Unless b'etter quality control of
spare parts and engineering improvements are made
in the gun electrical system, this weapon will im-
pose a far greater maintenance work load on the
using organization than is presently required in
the .50 caliber M-3 installation. If improvements
are made in these two general areas, it is reasonable
to assume that the increase in maisntenance work
load will be small and therefore acceptable.

14
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(4) Facilities:

The following additional facilities will be-necessary
to support this now weapon:

(a) Additional tie-dowr facilities for boresight-
Ing, harmonization and firing-in.

(b) An increase in armament shop facilities, In
the form of additional bench area, larger
cleaning tanks and greater storage area.

(c) The facilities required for the storage and
handling of HEI ammunition.

(d) In addition to the above, it is desirable
that an 1800 foot harmonization and fire-in
range be available which would permit a more
accurate harmonization of the gono. (Reference
Appendix C - "Harmonization and Fire-in Pro-.
cedure.")

(5) Equipment:

Aside from the normal authorization of tools and
equipment for an armament section of a tactical
organization, it will be necessary to add a number
of special tools (Reference Inclosure 10 to Appendix
E). The tool.s authorized for weapon mechanics as
outlined In ECL '10-46-1 should be.amended,

c. Tactics and Techniques:

(1) Ogerational Tactics:

(a) Reduced Time of Fire:

The reduced time of fire with this installation
makes it necessaxy for the pilot to be ever
conscious of the need to close to an effective
range before firing; however, it was found that
when in effective firing range, the length of
burst necessary to cause effective damage was
decreased over that required with the .50
caliber installation. (See Appendix D, Part
1.) To continue combat use of the installation
after entountering compressor stall problems,
the firing circuit was so modified as to allow
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the pilot to select either the upper two
gans or all four guns for firing. The
selection was made by a two position switch
in the cockpit. In addition to the engine
compressor stall consideration, this arrange-
ment Increased the length of fire in the
installation. Most pilots fl1ying the In-
stallation felt that this was a desirable
addition to the armament system' ften It
was impossible to close to the desired
range, the pilot then felt that he could
afford to expend some of his ammunition in
an attempt to hit the enesa aircraft and I"
slow him down so that an effective rate of
closure could be obtained. The use of this
arrangement requires that the pilot be ever
conscious of the position of this switch,
The selection of two guns for the purpose
mentioned above is very desirable; however,
on reaching an effective range, a higher
hit probability would be expected when firing
all four guns. The above mentioned arrange-
ment would also We very effective when utilized
against multiple lightly defended ground tar-
gets such as convoys, trains, etc.

(b) Expended Ainuultion Cases:

The expended ammunition caseo from the guns
ari dispoced of overboard. This has presented
no change in tactics for missions flown during
this test. Thore eare few, if any, tactical
situations which require that accompanying
aircraft Xly directly below the firing air.
uraft. As long as the wing man is aware that
expended cases are being disposed of directly
below the firing aircraft, this should present
no problem.

(2) 1alatenagge Techniaues:

To achieve optimum reliability, the maintenanco
techniques utilized during this test were in the )
form of standard operating procedures and che
lists to insure that personnel error2 had as
little effect as possible upon the reliability
of the weapon. (A listing of these S.O.P.'s
and check lists are included as Inclosure 8 to
Appendix E.)
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d. Col lecgtveX Analyss:

In analyzing the capabilities of the present .50 caliber
armament installation to meet the requirement of inflicting effective
damage on present day air-to-air and air-to-ground targets. it is obvi-
ous that a more effective armament system is needed. It is apparent
that the anuninition related to the T-163 20 mm gun has a much greater
terminal effectiveness than that attained with the .50 caliber ammuni-
tion. The damage inflicted with each striking round is many times
greater than with our present weapon.

The increase in terninal effectiveness, and the high
cyclic rate, are considered the important factors which make the
additional weight of this installation a reasonable and eccep~able
compromise.

The length of fire in this test installation is considered
inadequate; however, it is considered feasible from an engineering
standpoint to increase the quantity of ammunition in future aircraft.
The Inclusion of a selector switch to permit firing of either two guns
or four guns as mentioned in paragraph c, (1) (a) above, would provide
a desirable feature.

The compressor stall problem associated with this armament
installation makes the installation unacceptable for combat use. The
problems associated with this phenomenon must be resolved before the
installation can be considered acceptable.

If adequate quality control of spare parts, engineering
improvements of the gun electrical system and an objective training
program for personnel are achieved, the increase in maintenance re-
quirements in the tactical unit will be acceptable.

The cost to the Air Force in terms of logistic support,
increase in facilities and training requirements are considered reason-
able and acceptable in view of the increased effectiveness provided by
the inclusion of this new weapon in future fighter aircraft.

4. CONCL-USIOS:

a. It is concluded that:

(1) A four gun T-160 20 man installation with its related
ammunition has the potential of providing the Air
Force with a more effective armament system than that
provided with the present six gun .50 caliber installs-
tion.
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(2) The F-86F-2 aircraft equipped with T-160 guns used
In this test are not suitable for combat use, due
to the problem associated with engine compressor stall.

(3) The quantity of ammunitizn provided in this test in-
stallation Is not adequate, •7)

(4)' A selector switch to provide pilot selection of either
two guns or all guns increases the length of fire; how-
ever, this Prrangenwnt would only be advantageous in
certain tactical situations since the hit probability
would be greatly reduced when only firing two guns.

(5) The time required for harmonization - boresighting -
fire-in is unacceptable.

(6) Based on the unanimous opinion of the twenty-six ex-
perienced pilots partlcipatIng in this project, there
exists a rquLirement for tracer Annnitloa for this
weapon for use in fighter vs fighter combat as experienced
during Kcreoan operations.

(7) The increased forces imposed on the aircraft by this
weapon have had no adverse effects on othisr components
of the aircraft.

(8) The sight reticle camera installation with the Zoomar
erector head is considered acceptable.

(.

(9) The present USAF armament training program does not
provide the armorer with a sufficient knowledge of
bpsic electricity to edequately maintain this weapon.

(10) Present quality control of gun coiipoieifts is Inadequate.

S~5. ff&OQIMMATJONS**

a. It is recommended that:

(I) Consideration be given to the inclusion of the T-160
20 mm gun in future fighter aircraft.

(2) The problems associated with the engine compressor
stalls be resolved prior to the acceptance of this
weapon in future fighter aircraft. ,
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(3) A minimum of six to eight seconds of ammunition be
provided in future aircraft equipped with this weapon.

(4) A tracer ammunition be developed for this weapon, and
that an investigation be made as to the desirability
of its use.

(5) A suitable reticle camera installation utilizing the
features of the Zoomar erector head be provided in
future fighter aircraft.

(6) A more effective system of quality contzol of gun

components be provided for this now weapon.

(7) An objective training program be initiated to ful-

fill the training requirements for this new weapon.

(8) Improvements in the electrical system of the gun be
initiated as indicated in Appendix E.

W. TIBEAK
Major General, USAF
Commander
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APPENIX A

RIPTION OF MT EOUIPEmN

(neference Photos AL & 2 Inclosure 1)

Te6s9t Aircraft

The test aircraft utilized in this test were r-66F-2 aircraft
with four T-160 20 = guns, mounted in the fuselage, two on each
side. The guns wore mounted on their side, with the top facing out-
board and being inclined approximately 80 degrees from the vertical.
The test aircraft wore similar to standard F-OW aircraft with the
exception of the installation of extended leading edges Instead of
slats. The leading edge extended 6 inches at the wing toot and
three inches at the tip. The installation included the J47-27
engine and the Mt-3 Fire Control System,

Modificatlon

Prior to initiation of this test, the MA-3 fire control systm
was modified to include a range limiter which enhances the pilot's
ability to properly track the target, iodicates radar lock-on and
acts as an In-range indication to the pilot. Also included in the
modification was a radar sensitivity control which permitted the

V pilot, while in flight, to peak his radar by adjusting the lock-on
sensitivity.

T-160 20 m Gun

The T-160 gun is a revolver type, gas operated, automatic weapon
consisting essentially of a co•b•iatlou drua support aad barxel, a
rotating drum with five chambera, a spring loaded operating slide,
and a gas operatv-d piston. It Is electrically fired and belt (link)
fed and can be adapted to either right or left hand feed. Accessories
include a gun charger and a feeder. There is no gun heater provided,
and apparently none is required. The T-160 gun Is basically the same,
in general appearance and function, as the caliber .60 T-130 gun.
differing chiefly in the drum and barrel. Other designed military
characteristics are as follows:

Rate of Fire ........ 1500 rounds per minute.

Weight of Gun (plus feeder). . 162 pounds

Length of Gun... .. . .72 inches

Appendix A - Page 1
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A ....

Width of Gun . . . . . . . . . 8.58 inches

Height of Gun ........ 0 inches

Length of Barrel . . . . . . . 53.56 inches

Trunnion Reaction Maximum . .. (5,000 pounds)

A&Munition (TI51 API rund)

The military charac~eristics of the TISI API round areas
follIows:

Caliber...... . . . .. 20 mm (.60 caliber case)

Overall Length . ,. . . o . 6o625 Inches ,

Muzzle Velocity........ 3150 feet per sftcond

Weight (complete round)... .58 pounds

Weight (projectile)...... 1600 grains

Primer (electric, propellant, natural cellulose)
(IMR 4903)

Propellant Weight . . .... 580 grains

Filler (incendiary) . . . .. . 100 grains

T-1,49 W•.1_round

The military choracteristics of the T-149 NEI rouad aie as

follows:

Calibero . . . . . . 20 no (G60 caliber case)

Overall Length . . . . . . . . 6.625 inches

Auzzle Velocity. . . . . . . . 3150 feet per second

Weight (complete round).,. .58 pounds

fWeight (projectile). . . . . . 1600 grains

Primer (electric, propellant, natural cellulose)
(IMR 4903)

Appendix A - Page 2
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Propellant Weight . 5 . . . . . . . 80 grains

Fuse. . . . . . . . . . . . . . . . T-200

Filler (MEl).............. lO grains

Appendix A - Page 3
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APPENDIX B

TEST PROCEDURE

1. Test Prouram Outline

To facilitate the conductance of this test, a test progeaw
was published. This program indicated the object of the test, the
factors to be investigated and the method to be used. A copy of
this test program is included as Inclosure 1.

2. Test Team

To minimize the possibility of failure of any of the new
components in these aircraft end to insure a comprehensive evalu•-.
tion, a test team was formed. Teem members were composed of
qualified personnel from Air Proving Ground Command, Air Research
and Development Command, Tactical Air Command, Air Training Command,
Aberdeen Proving Ground, North American Aviation. Inc., Ford Motor
Company, Sperry Gyroscope Company and General Electric Corporation.
A list of the members of this team is included as Inclosure 2.

3. Operations In the Tactical Unit

The aircraft were assigned to the 335th Fighter Interceptor
Squadron of the 4th Fighter Interceptor Wing, stationed at K-149
Korea for the conduct of this test. This squadron was equipped
with F-86F aircraft. The original plan was to replace eight of
the normally assigned squadron aircraft with the eight test aircraft.
This plan was carried out; nowever, when problems associated with
engine compressor stall were encountered, in order not to interfere
wkth the combat capabilities of this squadron, the eight Gun Val
aircraft were supported as an extra flight. In view of the engim.
compressor stall difficulties associated with this armbent installa-
tion, only the most experienced pilots were utilized in flying test
combat missions. Of the 284 Pombat missions flown, approximately
65% were flown -by project team pilots. The remaining 35% were
flown by pilots from the 4th Fighter Wine,

Attached as Inclosure 3 is a presentation of a typical
combat mission flown with these aircraft.

To obtain the maximura data in the shortest possible time,
the aircraft were scheduled only on those missions that had the

Appendix B - Page 1
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Ilghest probability of engaging enemy aircraft.

To insure the .uaxiinum benefits from these test missions. a
pilot's debriefing outline was used on each mission where enemy con-
tact was effected. A copy of this debriefing outline is included as
Inclosure 4.

Appendix B - Page 2
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COP Y
HEADQUARTE

AIR PROVING G•OUND COMMANi)
Eglin Air Force B~ase, Florida

5 June 1952

SUBJECT: Test Pregram to Determine the Combat Suitability of the
T-160 Gun Installation APG/ADB/43-A-l (Korean Phase)

TO: Comnmnding Officer
3200th Proof Test Group
Zglin Air Force Base, Florida

* a. Intloduction:

This test has been activated at the request of Head-
quarters USAF, to provide an evaluation of the T-160 20mm gun in-
stallation in the F-86E aircraft, under actual combat conditions.

b. Decrpion:

(1) Test Eaquiment

The installation under test includes four T-6O0
guns installed in each of six F-86E-l0 aircraft.
The test aircraft incorporates the J-47GE-27
engine, A-4 GBR sights and extended leading edges
instead of slats. The installation has a total
ammunition capacity of 480 rounds. A complete
description of each of the above items is listed
In Appendix A.

(2) Test Personnel:

A test team will be formed and proceed to the Far
East to conduct the operational suitability testing
under the operational control of the U;ommanding
General, FEIF. Project personnel and a portion
of the testing personnel will be provided by the
Air Proving Ground Command. To minimize the
possibility of failttre of any of the new components,
Headquarters USAF has recorunended that this test

Appendix B - Page 3
Inclosure $1 - Page 1
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1.
team Include qualified representatives from ARDC,
WADC, North American Aviation Company. Sperry
Gyroscope Company, General Electric Corporation.
Aberdeen Proving Ground. Army Ordnance. Spring-
field Armory, Ford and Pontiac Automotive Corporation
and Armour Research Institute. It Is planned that
experienced FEAF pilots and armament personnel will
be invited to participate In the test, to insure a
more comprehensive evaluation.

c. Clajslflcation:

Secret

d. P1iority of Test:

tBAF- IA

e. Project OffLiegr

Major ft. E. Evans

2. -08AC

To determine the operational capabilities and limitations of
the T-160 gun installation In the F-86E aircraft and to obtain basic
data concerning opportunity to fire and terminal ballastics effective-
ness of the related ammunition, under actual combat conditions, to be
used in determining the suitability of this installation.

3. §0 F M

The following factors and charuuteristica will be investigated
and evaluated for the formuletion of conclusions as to the combat effec-
tiveness of this installation and for the assessment of bagl data fv
use In the Gun Val program:

a. A thorough and comprehensive assessment of all film, ex-
pended dueing this test, will be made to determine with as much accuracy
as possible, the opportunity to fire/per sortie where enemy contact is
attained and the terminal effectiveness of the amunition.

b. The over-all accuracy of the gun/Arcrnaft Installation
for use in the combat situation afforded by the FEAF theater of opera-
tions.

c. Evaluation of the effects oL the performance of the F-86E
aircraft in its combat role, by this armament Invtollation.

Appe#dix B - Palo 4
Inclosure 91 - Page 228



d. Techniques and tactics of operational utilization, realizing
the reduced time. of flUigt of the projectile should increase accuracy.

e. Gun/aircraft installation reliability to include field
maintenance aud. support requirements.

4. 1MHO OE COMMUTTNG TEST:
a. Preliminary Phase:

______ ____~

(1) Formation of tesgtng team

It is planned that a team will be formed in the
tactical unit, designated by CG FEAF. composed
of APGC project test personnel and pilots and
aruament personnel from the tactical unit.

S(2) Loaistic Support:

Th" APGC 4ill bo ramcponsible for coordinating
with AMC to insure that required supplies peculiar
to the test installation accompany the shipment
of the aircraft and to insure that spares comon
to the test aircraft and F-86 aircraft currently
assigned to FEAF are available and are "ear=..kd"
in FEAF for this project.

(3) Modification:

Fabrication and installation of the following
items will be accomplished by APGC personnel.

(a) A range limiter which enhances the pilot"r ability to properly track the target, in-
Sdicates radar lock-on Rnd acts as an in

range indication to the pilot. A more
complete description is attached as
Appendix A,

(b) A radar sensitivity control which permits
the pilot, while in flight, to peak his
radar by adjusting the lock-on sensitivity.

(4) Instrumntation:

Sight cameras, equipped with 3" lens, will be
mounted on the A-4 gunsights and wired in such
a manner that tracking will be accomplished by
using the first posiLion on the trigger. The

Appendix B - Page 5
Inolosure $1 - Page 3
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cameras will be modified, to provide a time base

on the film.

(5) Prliiminarv Egnineering and Functional Testino

Personnel from APGC in conjunction with personnel
from ARDC. AMC and North American Aviation Corpora-
tion will conduct a preliminary engineering and
functional test at North American Aviation Corpora-
tion to insure maximm= woopou; systam reiabilAty
prior to shipment of the aircraft to FEAF. Attached
as Appendix B is proposed minimu, firing schedule.

(6) Personnel Trainina

All test and maintenance personnel will become
familiar with pertinent directives zegarding
operatipn and maIntenance of the test Installa-
tion. Training at North American Aviation
Corporation will be utilized to train arament
personnel. The APGC project officer will pre-
sent to the FEAF pilots a complete briefing on
operation of test items including instrumentation
prior to any flying.

(7) Descriptive Photooraphs

72rpical ground operation scenes will be photographed
with a 16mm camera from the point of view that a
film report may be made if results so indicate.

(8) Boresighting an$ Harmonization

Boresighting and harmonization will be accomplished
at sufficiently frequent intervals to insure proper
alignment of the guns. Boresighting and harmoniza-
tion will be accomplished in accordance with attached
Appendix C.

b. Main Phase:

Inasmuch as this test Is being undertaken in a combat
theater in a tactical unit under the operational control of the
Comnanding General, Far East Air Firce, it is considered Impractical
to outline specific missions to be undertaken. However, it is
imperative that maximum information be gained from each mission
flown.

AppedIx - Page 6
Inclosure #I1 - Page 4
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(1) Accuracy Rhase:

Film assessment will provide data for this evaluation.
The-Air Proving Ground Command is providing film, s
portable developer with ne:essary chemicals, and
personnel to maintain instrumentation and develop the
film. Tho APGC project officer will make preliminary
assessment of all film as soon as possible. Each
participating pilot will be required to review his
film after each mission and will not fly a aubsequeat
mission until the film has been reviewed, unless tho
current tactical situation warrants exception to
this procedure. When in the opinion of the project
officer. no further review Is necessary, the film
will be catalogued and correlated with the reports
and forwarded to APGC.

(2) 09Dortunity to Fire
I.

By providing a time base on the film it is planned
that accurate informat:ion as to the opportunity to
fire/per sortie flown where enemy contact is made
will be obtained. By careful assessment of the film
and by complete reporting by the pilot at the comple-
tion of each mission It will be possible to determine
this important data. for the combat situation afforded
by the FEAF theatre of operation, needed in determining
the effectiveness of the installation. A periodic
review of the film by the APG, project officer will
be made to insure that this data is being obtained.

(3) Terminal Effectiveness

All film will be assessed to gain as much Informa-
tion as possible concerning terminal effectiveness.
The facilities of BRL and IAIVR will be utilized in
the terminal effectiveness evaluation. Where possible,
enemy material which is damaged or destroyed by this
installation should be closely inspected to determine
the terminal effectiveness of the ammunition. If
possible, a representative number of controlled missions
against appropriute captured enemy targets will be
undertaken. Complete written and photographic results
of these firings will be recorded.

(4) Aircraft Performance:

The effects on performance and maneuverability,

Appendix B - Page 7
Inclosure $1 - Page 5
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caused by this armament installation, will be
investigated. Comments of all participating
pilots will be solicited on handling characteristics.
improvements in maneuvering and tracking qualities.
and performance differences between the test aiz-
craft and other F-86 aircraft in the theater.

(5) Ttipes and Techniques:

The fact that the time of flight of this ammunition
is less than the currently used "-8 amnunition
implies than an incresse in accuracy at long ranges
should be achieved. Evaiuation of firing tests will
be made to verify or refute this assumption.

(6) Gun/aircraft installation reliability

The general reliability of each gun/aircraft installa-
tion whill be obtalucd primarily from 'jaQ test icecords,
on the guns from each Installation. It is therefore
mandatory that complete and accurate gun test records
be kept on each individual gun for each aircraft
Installation. These records will include all amuui-
tion fired through each gun, gun malfunctions and
their causee, all parts, breakages and replacements.
gun maintenance requiroments, and all changes and/or
adjustments made to the test equipment. Gun test
record forms (See Appendix D) will be provided. In
addition to keeping of gun test records periodic
inspections will be made for examination of each
gun installation as a whole and a written report
will be prepared to cover itews generally not In-

V cluded in individual gun test records, such as: {
damage to aircraft components and related gun equip-
ment; looseness of gun mounts,'gun chargers, and
other accessory equipment, and suggestions for
modifications which may Improve gun/installation
reliability.

c. Final Phase:

When in the opinion of the project peraonnel the test
date aro adequate, the APGC project teum will return to the Ali
Proving Ground. All data and exposed film will be returned and
"final evaluation will be accomplished. 1axtrame care should be taken _
in properly cataloging of film and mission reports.

Appendix h - Page 8
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5. RECORDS:

a. The project officer will maintain the following records:

(1) Daily log.

(2) Daily mission reports carefully correlated with the
exposed film.

(3) Gun history records.

(4) A small library of film recording ground handling,
loading, maintenance procedures, etc..

b. The project officer will make weekly reports to the
Air Defense Branch, Operational Testing Division, D/O, APGC, giving
complete data to date including film and pilots' reports.

BY COMMAND OF MAJOR GENERAL BOATNER:

I Appendices: sit K. K. cOITON
A, B, C, D, & E Colonel, LSAF
5 Incls to App E Deputy for Operations

4I.

COPY

Appendix B - Page 9
Inclosure *1 - Page 7

33



GUN VA•, PROJECT 2EAM

Major R. E. Evans Air Proving Ground Command
Captain L. II. Moore N N "
WOJG E. W. O'Brien " N N

M/Sgt W. it. Beaty " N

t/Sgt L. V. Gibson )
T/Sgt 0. C. Kraliceak N

S/Sgt J. B. McDonnell N N N

S/Sijt J. Ui. Lovejoy .
S/Sgt W. Kunie o N N

A/IC S. E. Olszewski . N N I,

A/IC J. C. Flaherty N N N U

A/IC R. F. Alber N N N N

A/IC R. 01. Vanasse s s a N

A/21: C. 0. Bantel N " N N

Colonel G. L. Jones Air Treaining Coenand
T/Sut Charles Hi. Daniel

Lt. Col. C. L. Peterson 'actical Air Command "

Lt. Col. D. L. Rodewald Headquarters. USAF

M/Sgt Games 335th Ftr Intcp Sq, 4th F. i. Gp.

Major H. B. Yount Army Ordnance Department

I/Lt. K. Main Wright Air Development Center

CIVILIAN ZFCIHNXCAL EPE•SfNTATIVES

Mr. Paul F. Peterson North American Aviation. Inc.

Mr, B. L. Rlayner Wright Air Development Center

Mr. R. Lesman Ford Motor Company

Mr. K. Leslie A. C. $park Plug Corporation

Mr. 0. Magrane Sperry Gyroscope Corporation
Mr. W. Muzzy N N

Mr. W. S. Aumen Naval Ordnance Department
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QUESTIONS TO BE ANSWERED BY THE PILOT AT TIME H-E IS DEBRIEFED BY APGC

PESOnaL

PART I (TO BE ANSiEIED ON EAIC'H MISSION)

A. General Information concerning mission

1. Date
2. Group Mission No.
3. Aircraft Number
4. Pilot's name and rank
5. Position in flight
6. Type of mission
7. Mission altitude
8. Weather-
9. Contrail levels

B. Malfunctions

1. Radar
2. Sight
3. Armament

C. Performance Penalty

1. Was the extra weight of the T-160 gun installation noticeable
in the climb?

2. Were your power settings higher than those of your wing man
during climb out?

3. How much fuel did you and your wing man have remaining at 4

shut down?

4. What was the maximum altitude attained? What quantity of
fuel '?

PART I1 (TO BE ANSW.ED ONLY IF PILOT FIFES ON TARGET)

A. For each pass at each target on which the pilot depressed the
trigger to fire, compose a narrative to include the following
information.

1. Total enemy aircraft in this engaoement
2. Total own aircraft in this engagement
3. Time at which each partlcular target was attacked
4. Target altitude
5. Estimated speed of target
6. Target type

Appeandix B - Page 12
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7. Own position as seen from tarjet
(Clock position, hi, low, level, estimated range)

3. Own speed
9. Was sight (manual cage, electrical cage, computing off)

10. Was ranging done (preset, manually, radar)
11. Was range limiter (Off, 1200, 1800, 2400)
12. Target's tactics during pass
13. o•- tactics duriny pass
14. Number of bursts and their approximate length
15. Approximate number of G's pulled during firing
16. Approximate range at time of firing
17. How many targets were fired on

B. Terminal Effectiveness

1. If hits were made on the target, what damage occurred?

a. Started smoking
b. Caught on fire
c. Slowed down
d. Any other observed damage
e. Wias target previously damaged
f. Duration of attack
g. Target last seen at (altitude, attitude and headinu)
h oil^*.s claim

2. Reasons for firing or not firing, I.e. (to destroy
enemy aircraft believed to be in range, to prevent
enemy aircraft from gaining position on friendly
aircraft, to cause enemy aircraft to break, to damage
enemy aircraft and slow him down, to damage enemy
aircraft before it reaches sanctuary, other).

O. 0pinlowi of pilot as to advantages or disadvantages of
20 mm ammunition compared to .50 caliber in this situa-
tion.

C. Length of Fire

1. Do you consider the present amount of ammunition, IP
length of fire, adequate for the type mission just
flown?

2. If answer to above question is negative, give opinion
as to what is the required amount.

D. Accuracy

1. If hits were obaerved on the target, where were they

Appendix B - Page 13
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in relation to where you were holding the pipper?

2. At what estimated range were the hits obaerved?

3. State opinion on use of tracers. Would tracers bave
helped in this case?

E. Change in Tactics

1. Were there any changes in tactics made becuse of the
extra weight?

2. 30 depression of the guns?

3. Decrease in time of fire

4. Did your wing man have to alter his position due to the
expended shells falling from your aircraft?

5. Compare this installation with .50 caliber installation
while filing guns, as to reticle vibration, deceleration
due to gun fire, and any other.

F. Range Limiter

1. Mhat range was set into the range limiter?

2. Did the range limiter help you to track more accurately?

3. Was the intensity of the blinking of the sight reticle
adequate so that you knew when you were within the
preset range?

4. Is the range limiter desirable?

G. APG/30 Radar and Radar Lock-on Sensitivity Control

1. Was the operation of the radar satisfactory?

2. WVAB the lock-on sensitivity pontrol used on this mission?

3. At what estiroated ranges were you obtaininU lock-ons
bnd at what altliude?

4. Was the target selection button used?

Appeadix B - Page 14
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H. A-4 Gun Sight

1. Was sight In operating condition?

2. What wing span setting was set into the sight?

3. How do you comnpare the A-4 with the A-i CM gun sight?

4. With other gun sights you have used?

I. Sight Reticle Camera Installation

1. Did the camera installation hinder you In tracking the
target.

2. Additional. comments on the camera installation.

Appeadbw H - Page 15
Inclasuro 34 - Page 4

39



APPENDIX C

BORESIGHING AND FAM&ONPZATION

1. INTRODUCTION:

The 8 Gun Val aircraft were boresighted, hao•id, amd fired
in on a LOW range at K-14. The pexiods of harmonization would have
been more frequent had the facilities at K-14 been available more often.
Each aircraft was boresighted approx.Aately once per mouth, which woant
the aircraft averaged approximately 22 flights between boresighting and
harmonization. Dispersion patterns were obtained for all aircraft with
burst patterns of 10 rounds per gun. Reference Inclosure 82 for patterns
obtained. The boresighting procedure used is Listed as inclosure 81.

2. RESULTS:

a. Firing in at 1800 feet would hove been more desirable In
that fewer target caiculations would have been necessary to attain mc-
ceptable patterns. At 1800' a single point, or convergence point can
be utilLized for *al guns, whereas at AWOO' separate points for each
gun was required to obtain the desired convergence at 1800'.

b. The installation features provided for boresighting or
firing in these guns are critical and much more time-consuming than
similar .50 caliber gun Installation features. Following ware the
major difficulties encountered during harmonization.

(1) The T-160 gun is provided with a muzzle atabg.izer
to prevent barrel whip. As a result, this stobilizer,
plus the gas seal, requires an adjustment as well as
the rear mounts. Thin Is a very time-consming ad-
justment due to the Inaccessibility of the adjustment
auts on the stabilizer supports. Once the adjustment
has been made, it is equally as difficult to lock the
stabilizer In place without deflecting the barrel.
On occasions, the armorer was raquired to loosen Lad
readjust the stabilizer supports several times for
one adjustment of the gun mount.

(2) Although the rear mount adjustment features were
accessible, many times the armorer made an adjust-
ment in the wrong direction, and several patterns
were fired before the error was realized. Ihis
would indicate a need for instructions or directions
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for adjusting the vertical and lateral adjusting nuts.
This could be done in the form of an instruction decal
placed in an appropriate place near the rear gun mount.

(3) The number of tie down points and Jacks required for
firing in this Instollation is noted in Inclosure Sl,
"Boresight Procedure Used at K-14". Compared to the
.50 caliber installation boresighted at this site,
the T-160 installation required greater facilities;
and additional tiac to set up the aircxQft. 11is was
necessary due to the greater recoil forces imparted
to the aircraft by the T-160 guns and due to the fact
that with the boresight procedure used. all 4 guns
were fired simultaneously.

c. The average time required to b.oresight the aircraft was
reduced considerably during tho letter part of the program as the
peoxsoel begpm% more experienced and the procedure simplified. Ile
average time to boresight I aircraft was 30 to 40 man hours (4 to 5 men -

6 to 8 hours).

d. It is felt that there are many factors which affect the

dispersion patterns obtained with this gun installation, and of the
A .unuuive s tu which has the greater

mary variables lavlv, it.•&'s Iio a to "a
effect. The following factors are contributable: -

(I) Tie-down facilities were of poor qualities in that
the tie-down rings were secured in loosely poured
concrete slabs which were free to shift in the
ground.

(2) The firing of the guns in various combinations
produced various dispersion patterns. These
various frequencies Imparted to the aircraft
caused the center of impact of individual guns
to shift. A 4-gun dispersion pattern did not
compare favorably with either the 2-upper gun
or 2-lower gun patterns. It was apparent that
the dispersion patterns were greatly effected
by the interference of the guns on each other.

(3) The variation of barrel diameters at the muzzle
stabilizers which often cancelled the effective-
ness of the stabilizer in that the barrel whip
increased the dispersion.

(4) The stability of the API round, used on the
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boresight range, was poor. Many instances were
observed where the incendiary mix in the windshield
prematurely exploded, and several fired projectiles
were found tn the gun butts with stripped or partially
stripped rotating bands. (See photo s1, Inclosure
"$13 to Appendix E.)

(5) Loosening of the rear mounts with life of the sir-
craft is to be considered although it Is felt that
this affects the cispeoxion very little.

3. COMa~lN

a. The adjustments required to obtain the desired dispersion
were too time-consuming and not acceptable from this standpoint.

,4.i 4. RECO NDATIO,6:

a. Further study and testing be done to determine a more
"simplified method of boresighting and harmonization of this instella-
tion.

b. Further study be made to determine the major factor con-
tributing to the instability of dispersion patterns.

c. Further engineering be accomplished to provide a more
acceptable muzzle stabilizer arrangement.

3.

Appendix C - Page 3
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B0RESIGHT AND HARMONIZATION PROEDURE

USED AT K-14 FIRE-IN

1. An 8' X 8' panel target with appropriate aligning marks
(see Diagram 21) was placed 1000' from the airplane.

2. The aircraft was placed 'a its normal flight attitude
(30 nose Op) and oeveled lAteraly.

3. The aligning sights were installed on the aircraft and
the target was positioned horizontally and vertically by aligning
the sights with the cross A of the target.

4. The computer was leveled and the electrical cage sight
reticle adjusted on cross C of the target.

5. The nose of the aircraft was elevated until the aligning
sights on the aircraft were superimposed on cross B of the target.
This additional elevation (approximately 2 mils) is required to
compensate for bullet drop (22" at 1000').

6- The aircraft was tied down. using steel cables with turn
buckles on the nose, wing and tail positiovs. (Care was taken to
insure that the aircraft was not malaligned with respect to the
target.)

7. Using colored amtunition to distinguish gun positions, a
single round was fired from both upper guns. The target was divided
into four quadrants to correspond tu the gun positions. If the
rounds did not fall in their correct quadrant an adjustment of the
gun waos roquired. This was accomplished as follows:

a. The gas seals were unlatched and the muzzle stabilizers
removed.,

b. Vertical and/or lateral adjustments were made to the
rear mount as required.

c. Muzzle stabilizer brackets were adjusted so that the
gun barrels were not deflected when the stabilizers were reposi-
tioned.

8. Using colored ammunition to distinguish different gun
positions a 10 round burst was fired simultaneously from both upper
guns. If 70% of the rounds fell within the proper quadrants, the
adjustment was considered satisfactory.

Appendix C - Page 4
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9. Steps No. 7 end 3 wera repeated for the two lower guns.

10. Using colored ammunition to distinguish different gun
positions, a 10 round burst was fired from all four guns simul-
thneously. If the following conditions were met the harmoniza-
tion was considered satisfactory.

a. The majority of hits from each gun must fall within )
its proper quadrant.

b. 50% of the total rounds fired must fall within the
4' X 6' bull's eye.

7. 1

• I.
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APPENDIX D

PART I

SUMMRY ENGAO ENTS WHEN EIEMY AIRCRAFT FIRED ON

:)

6 Destroyed APGC Mission X50 - Major Garrison on 21 Feb 53.
Pilot and wing man observed Mig to crash into hill
side. No aircraft visible on film. Attack started
at 30.000 feet and went on down to the deck at
approximately .98 to Ilach 1. 156 rounds fired.

APGC Mission $114 - Major Evans on 13 Mar 53. 15
hits were observed. 1st burst started at 1025
feet and ended at 825 feet. 2nd burst averaged
400 feet range, 3rd burst averaged 260 feet and
4th burst averaged 200 foot range. Mig pilot
was observed to ball out by pilot and wing man
and was also observed on film. The attack was

Shared credits started at 44,000 down to 17,000 feet, at .92
for the destruc- Mach. 389 rounds fired.
tion of one Mig-
15. APGC Mission '115 - Captain Moore on 13 Mar 53.

7 or 8 hits were observed. lst pass was at a
range of 1350 feet. All other passes at enemy
aircraft were too obscure to measure. The
approximate range of these passes was 2,000
feet. Mig pilot bailed out and was observed
by pilot and wing man and was also observed on
film. Attack started at 44,000 feet down to
15,000 feet at an air speed of approximately
.92 Mach. 460 rounds fired.

APGC Mission '173 - Lt. Col. Jones on 29 Mar 53.
Piane disintegrated. Range at time of firing
was 775 feet. Mig pilot had ejected when air-
craft was lest seen. Altitude at time of firing
was 42,000 feet at .85 Mach. Compressor stall
occurred while firing the guns. 230 rounds
were fired.

APGC Mission 9206 - Lt. Col. Jones on 7 Apr 53.
Head on pass at a range of 500 feet. Captain '
Moore observed Mig to explode at time of this
engagement. Altitude was 40,000 feet at .85
Mac;. 92 rounds were fired.

Appendix D - Page 2
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APGC Mission $207 - Major Evans on 7 April 53.
First firing pass at a range of 1750 feet. Second
firing pass at a range of 2050 feet to 3450 feet.
Pilot observed Mig pilot bail out. Altitude of
28,COO feet at .92 Much, 415 rounds fired,

APGC Mission 8230 - Captain Moore on 12 Apr 53.
Firing from a range of 4100 feet. Pilot and
wing man observed Mig pilot bail out. Altitude
of 43,000 feet at .90 Mach. 460 rounds fAred.
Two other "'igs fired on during this mission.

3 Migs Probably APGC Mission 977 - Colonel Baker on 3 Mar 53.
Destroyed. Two hits observed. First burst at 1175 feet,

2nd at 2750 feet. Pilot observed canopy eject.
Altitude of 25,000 feet at .94 Mach. 460
rounds fired.

AFiC Mission 9177 - Major Garrison on 29 Mar 53,
First burst at 1025 feet to 775 feet. Second
burst from 775 to 600 feet. Altitude of 7000
to 8000 feet at 575 KIAS. Pieces were observed
by the pilot to come off the aircraft and it was
last seen smoking and on its back going down in
an Overcast. 171V rounds were fired.

Mig Probably APGC Mission $230 - Captain Moore on 12 Apr 53.
Destroyed Firing from a range of 900 to 700 feet. Altitude

of 1000 feet at .95 Mach. Fire was observed
emanating from the tail section of the Mig air-
craft. 460 rounds fired. Two other Migs were
fired on during this mission.

Twelve Migs APGC Mission 910 - Major Moorehead on 23 Jad 53.
Damaged No aircraft visible on film. Reticle indicating

approximately 4100 feet at time of firing if
wing span was set at 32 feet. Altitude of 45,000
feet at .85 Mach. Pilot observed one hit. 317
rounds were fired. Compressor stall was experienced
while firing guns.

APGC Mission U11 - Cnptain Stacy on 23 Jan 53.
First firing burst at 1350 feet and 2nd at 2050
feet. Altitude of 30,000 feet at .96 Mach.
Pilot observed hits. 447 rounds fired.

Appendix D - Page 3
Part I - Page 2

50



Migs Damaged APGC Mission 18 - Colonel Johnson on 25 Jan 53.
(Cont'd) First firing pass at the aircraft was not visible

on film. 2nd firing pass at a range of 1350 feet.
Third firing pass at a range of 1850 feet. Fourth
firing pass at a range of 1500 feet. Complete
report not obtained from pilot. Film showed one
hit. 460 rounds fired.

APGC Missici $91 - Major Evans on G Mar 53.
Fired at a ranige of 3,000 feet. (Only aircraft
visible.) Pilot observed two hits. Altitude
of 37,000 feet at 150 to 160 KIAS. 460 rounds
fired.

APGC Mission o106 - Major Brady on 9 liar 53.
Film not assessable, aircraft too small. Firing
was done at about 5,000 foot range pulling 3 G's.
Altitude of 30,000 feet at .96 Mach. Pilot ob-
served one hit. 460 rounds fired. Compressor stall
occurred.

APGC Mission #112 - Lt. Col. Jones on 13 Mar 53.
Fired at approximately 2600 foot range. Film not
assessable, aircraft not visible. Wing man and
another element leader in the area observed hits.
Altitude of 43,000 to 44,000 feet at .78 Mach.
279 rounds fired.

APGC Mission #147 - Lt. Col. Jones on 21 Mar 53.
Magazine jam on reticle camera. Wing man ob-
served hits. Altitude of 36,000 feet at .85 Mach.
137 rounds fired.

AFGC Mission 9158 - Lt. Col. Peterson on 26 Nor 53.
Pilot observed one hit end film showed one hit.
Range of 2750 feet. Altitude of 46,000 feet at .67
Mach. 60 rounds fired.

APGC Mission '205 - Captain Moore on 7 Apr 53.
No aircraft visible on film. Pilot estimated
range to be between 4,000 end 5,000 feet. Altitude
of 43,000 feet at .70 Mach. Pilot observed one
hit. 393 rounds were fired.

APGC Mission #206 - Lt. Col. Jones on 7 Apr 53.
lst firing pass from 2,000 to 1,650 feet. 2nd
firing pass from 1,650 to 2,000 feet. 3rd firing
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Mugs Damaged pass from 2000 to 2750 feet. Altitude of 47,000
(Cont'd) feet at .92 Mach. Pilot observed hits and film

showed hits. 314 rounds fired.

APGC Mission #270 - Lt. Col. Keller on 24 Apr O3.N
Two Migs damaged. First Mig was fired on a range
of 3,000 feet and pilot observed one hit but film
did not show aircraft. 2nd Sig was fired on at a
range of 1800 feet and the film showed one hit.
Altitude was 48,000 feet at .85 Mach durliag both
of these engagements. 250 rounds were fired.

Fourteen lir,- APGC Mission x24 - Captain Winslow on 28 Jan 53.
ings Resulted Aircraft not visible on film. Altitude of 43,000
With No Bits feet at .72 Mach. 363 rounds tired.
Observed

APGC Mission #33 - Colonel Baker on 17 Feb 53.
Rlg fired on at 4,500 foot range. Aircraft not
visible on film. Complete report not obtained
from pilot. 106 rounds fired.

APGC Mission #113 - Lt, Col. Peterson-on 13 Mar 53.
Fired at a range of 2,050 feet. Altitude of 45,000
feet with 220 KIAS. 395 rounds fired. Com.ressor
stall occurred.

APGC Mission 9122 - Lt. Col. Jones on 14 Mar 53. [7
Fired at a range of 1,250 feet. Altitude of40,000 feet at .90 Mach. 89 rounds fired.

APGC Missio, '1151 - Lt. Col. Jones on 26 Mar 53.
Mig fired on at 2,000 foot range. Altitude of
44,000 feet at .90 Mach. 428 rounds fired. Com-
pressor stall occurred.

APGC Mission #156 - Captain Moore on 26 Mar 53.
Less than 300 feet. Image too blurxed during
firing to make accurate measurement. Altitude
of 43,000 feet at .07 Mach. 388 rounds fired.
Fired two guns for one second burst. Guns were
test fired on the return to the home base.

APGC Mission 9159 - Captain Moore on 26 Mar 53.
Mig fired on at a range of 2,750 feet. Altitude
of 41,000 feet at .90 Mach. 319 rounds fired.
Compressor stall occurred.

APGC Mission #161 - Major Jobarn on 26 Mar 53.
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No Hits Observed Extreme range. Film unassessable. Altitude
(Cont'd) approximately 40,000 feet at .87 Mach. 198

rounds fired.

APGC Mission 4163 - Captain Moore on 30 Mar 53
Mig fired on at a range of 1,375 feet. Altitude
of 45,000 feet at .75 Mach. 48 rounds fired.

APIGC MissI n 0i04 - Lt. Col. Peterson on 30 Mar 53.
Mfg fired on at 2,050 feet ranUe. Altitude of
44,030 feet at .76 Mach. 108 rounds fired.

APGC Mission 4209 - Major Evans on 7 Apr 53.
No aircraft visible on film. Pilot fired at
an estimated range of 4,800 feet. Altitude of
41,000 feet at .86 Mach. 68 rounds fired.

APGC Mission 4245 - Captain Fernandez on 16 Apr 53.
Aircraft was not visible on film. Altitude of
approximately 43,000 feet at .87 Mach. 460 rounds
fired.
A1GC Mission 2274 - Captain Moore on 27 Apr 53.

The aircraft was not visible on the film. The
range at the time of firing was approximately
4,000 feet. Attitude of 43,000 feet at .90 Mach.
20 rounds fired.

900 Deflection APGC Mission %6 - Major Evans on 5 Mar 53.
Shots Kith No Magazine jam on camera. Extreme range. No
Hits Observed. altitude or Mach listed. 460 rounds fired.

Cne short burst fired on a Mig. Guns were
test fired on the return to the home base.

APGC Mission 1116 - Major Mass -in 13 Mar 5•.
Fired on a Mig at a 1500 foot range. Altitude
of 41,000 keet at .85 or .90 Mach. 24 rounds
fired.

APGC Mission 99 - Major Garrison or, 23 Jan 53.
Mig was tracked and the pilot attempted to fire
the guns but they would not fire. Altitude of
approxilrately 45,000 feet at .85 to .87 Mach.
326 rounds fired on a test fire.

APGC Mission #20 - Captain Winslow on 25 Jan 53. )
Mig fired on but no hits were observed. Altitude
of 41,500 feet at .80 Mach. The guns were test
fired on the return from the combat mission and a
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compressor stall occurred which resulted in the
loss of a Gun Val aircraft.

(j

r.

*i

Appvndix D - Page 7
Pert I - Page 6

54



APPENDIX D

PAIT I I

=ESTIOITIN OF' AN -ENE11Y Al RCR-AFT

Prints from sight reticlo camera filw from Gun Val aircraft

showing tracking, hits and destruction of a Lig-15 type aircraft.

Altitude: 42,000 Feet

Airspeed: .85 Mach

Rounds Expended: 230 Rounds

The Nig-15 was observed to explode and disintegrate after
being hit.
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PAUT III

PHOTOGRAPHS

OF

EFFECTIVENESS OF API & HEI AMMUNITION

AGAINST TRUCKS
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APPENUIX 9

ARNAWNE'T RELIABILITY AND MAINUENanCE

1. I• iornuction

This report covers the period of January 18, 1953 through
Way 1, 1953 of aerial firing conducted at K-14, Korea, Listed below
is the final summary of missions flown and reliability achieved dur-
ing the test:

January 0!th - May lt Stouasge Causes

Loaded - 1008,93 RDS Gun - 75 ea

Fired - 98,135 RW5 instl - 69 ea

Lost - 10,758 RDS Pers - 20 ea

Fireout - 90% Amo - 7 an

Stoppages - 210 Link - 11 ea

Stoppage Rate - 2.2/1000 Unknown - 28 em

Missions - 363

Included as Inclosure 81 is a gothly suumary of reliability
achieved. This summary indicates the progressive inproveemant of the
armament reliability. Also included as Inclosure X2 is the armament
performance record of individual aircraft.

2. A~mment ReLiability

a, Gon

(1) Of the total of 210 stoppages 75 were caused by
"gun" malfunctions. These stoppages were 35.7% 1
of the total stoppages. The malfunctions which
were credited to the gun were as follows:

'e) Broken or shorted firing harness 11

(b) Open circuit at ADF (anti-double-feed)
contacts 10 4
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H
(c) Shorted firing pin assembly 10

(d) Broken drawbar or firing pin 6

(e) Firing pin set back in insulation 7

(f) Broken ABF (anti-doubli-feed) spr.ng 5

(g) Ejection failure due to case chute 3

(h) Ramwer missed round 3

(i) Barrel orifice failure 2

(j) Broken switch tongue 2

(k) Round retainer failure 3

(1) Feeder shaft disengaged 3

(a) Failure to extrack-unk 2

(n) Stubbed round against drum I

(o) Broken cam insert I

(p) Bent link ear guide-feeder I

(q) Broken drum shaft 2

(r) Gauled drum shaft 2

(a) Broken switch cam 1

(2) The first six malfunctions, all concerned with the
gun firing circuit, contributed 65.3%, of the total
gun stoppages. The remaining 13 malfunctions were
34.7% of the gun stoppages. Based on the above date
the most unreliable portion of the gun was the fir-
invs circuit. The test brought out the following
major deficiencies:

(a) Firinry harness: The firing harness proved un-
satisfactory, electrically and strength-wise.
Sixty-nine harnesses were broken either during
firing or in disassembly and assembly. In
numerous cases a check of the harneiis after one
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firing mission showed it to be either brokeni
or shorted. It proved difficult to assemble
or disassemble a firing harness without bend-
ing the harness and possibly breaking it. The
five major objections to the present harness
sees poor insulation qualities, frequency of
open circuits, weak knife blade contacts, poor )
fit (making it difficalt to install or remove),
and weak overall construotion. C3ee photo 812.
Inclosure SW

(b) X 'The anvil assembly was ptoven
to be the weakest part of the gun firing nir-
cult. Despite the daily cleaning and inspec-
tion, (discussed under gun maintenance) the
anvil had the following deficiencies:

j. Broken drawbars: 69 drawbars were broken
during firing. In a few cases, these caused
stoppagoio bit this was true only because
the anvil was inspected and repaired after
each firing mission. (See photos s15 & 16,
Inclosure OW

j. Broken drawbar spanner nut insulation bush-
ing: Approximately 110 of these bushings
were broken during firing or handling. IHre
again the stoppages ware few only because of
a strict policy of inspection and repair.

3. Anvil: 71 anvils were replaced as unservice-
able due to either breakage or insulation
failure. The major deficiency in the anvil
body itself wens its poor electrical qmalities4
The firing pin insulation became saturated
with carbon, brass particles, and moisture
during and after firing to such an extent
that the firing pin was often shortpd to
ground. This condition occurred even with
daily replacement and cleaning. An electrical
check was required before each mission to in-
sure a good circuit. A second awifunction
ceuacd to ca= degree by the type of Iasuliam
tion was the sticking of the firing pin In
the rear position. Seven of these stoppages )
occurred during tbe test. (See phbtb il,
Inclosure $93
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C€) .E circAIt: 15 stoppages were caused by a
mslfunction in the ADF circuit. The major
difficulty was the problem of obtaining proper
contact between the AD and the contacts on
the firing harness. This is a particularly
difficult malfunction to detect, and is pe-
culiar to this type switch. Constant opening
and closing of the ADF switch causes wear on
the mak contact and bending of the female
contacts. Extremely careful fitting was re-
quired to miatain a good circuit. Four ADF
springs were broken during firing but this
could have been prevented if sufficient spare
springs (of the latest type) had been available
to permit adequate preventive maintenance. (See
photo 37, Inclosure SlL)

Wd) _ r gun TAM es: 7he remaining 13 types of
stapp"@@ "ere sot considered as zerlous; how-
ever, four other assemblies of the gun besides
the firing circuit deserve special mention.
These are: the drum shaft and latch, barrels, .,
recoil springs, and drum ses6s.

. rD shaft: Two types of malfunctions were
consistently found in the drum shaft. First,
the edge of the locking slot in the drum
shaft upset during firing. This made the
shaft difficult to remove, and it is felt
in some cases it hindered the smooth action
of the gun. Although this is an undesirable
method of maintenance, frequent filing down
of the edge was necessary to maintain high
gun reliability. Second, the shaft has a
tendency to gaul in the bearing surfaces of
the drum cradle. In one instance this caused
a gun stoppage and only frequent polishing
prevented more stoppages.

2. final$ A total of 47 seals were broken
during the firing tests. In all but a few
casas no damago was done to the fuce of the
barrel, but it can be assumed that abnormaL
amounts of gun gas must have been forced into
the gun bay. This is a serious problem since
the purging system was marginal in previous
tests under these conditions. One particularly
interesting fact wea noted about seal breakage.
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During the first 6 weeks of firing when
the ground temperature was at its lowest
(50 r). 36 seals were broken. In the
next 7 weeks when the temperature had
risen considerably only 11 seals were
cracked. rn both periods approximately
the seam number of rounds were fired and )
the seals looked identical in all respects.
(see photo lOe Incloaure Oq)

S3.Recoil 2 j011 Forty-four recoil springs
mwens either broken during firing or were
broken upon receipt. T•enty-two of the 44
wvere broken when the guns were mncrated for
initial installation. The remaining 22
were broken during the firing test. The
life of the new springs was approximately
108 rounds (proof firing by manufacturer)
while the ones that broke after firing had
a life ranging from 1000 to 3000 rounds.
No stoppages could be directly attributed
to the recoil springs, but in several cases
"it was felt they were a contributing cause
to a decrease im cyclic rate and broken
slidaway welds. (See photo 87, Inclosure

1. NuJL.: Although the barrels only caused
t;wo stoppages, they are considered usatis-
factory. The average barrel life was found
to be 330 roands. The chief deficiency was
the failure of the barrel orifice to last
tho full life of the barrel, Orifices
cracked and/or turned after an few as 10
rounds. Two satppages were caused when the
urifices completely disintegrated and stopped
the guns. more of this type stoppage was
prevented by the inspection of the orifice
after each fising mission. O•f a saple of
212 barrels, 156 were retired before the end
of their norual life due to either a cracked
or turned orifice. Barrel life data indicated
that the failure of the orifices cut the
barrel life in approximately one half. Approx-
iuately 6 barrels had damaged faces, but in
all cases, this was due to a cracked %eal.
Some barrels were encountered that would not
fit either the gun or in some cases, the
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barrel stabilizer. This seemed to Indicate
a lack of quality control in the manufacture
of the barrels. (See photos 28 G *9, Inclosure
290

(3) Included in this appendix are the following: gun
reliability chart. Inolosure $1. showing individual
stoppage rates for each gun used during test; photo-
graphs of breakages most coemonly encountered, in-
closure 89; and, a sample of barrel life based on
100 barrel:, Inclosure S6.

b. Installation:

(1) Of a total of 210 stoppages during firing, 69 were
caused by an "installatiou" malfunction. These 69
malfunctions were 32.9% of the tolal stoppages. The
malfunctions which were credited to the installstion are
es follows: -.

(a) Link container volume Insufficient 29

(b) Link chute 24

(€) Electrical firing system 10

(d) Charger 5

(C) Case Chute I

(2) Based on the above data, the link chutes and link
containers were the most unreliable parts of the
installation. Link troubles caused 76.8% of the
installation malfunctions. Following are the major
deficiencies:

(a) Link Chutes

1. The joint between the link chute and the
feeder was misaligned sad subject to move-
ment. At the start of the Korean test, a
modifled chuate was used, The design of the
chute itself was an improvement over the
original link chutes, however, the chutes
were not properly fitted to the feeder.
This problem "as eliminated by replacing
the modified chutes with the original link
chutes. Occasional Jame still occurred at
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the feeder exit, but they were much less
frequent than with the modified chute.
(See photo 04, Inclosure xl2)

The original link chutes are subject to
amis In the chute due to the design of )
the guiding surfaces.

3. The volume of the link container for the
upper guns in particular was insufficient
and caused the links to back up and jam
In thm chute.

(3) In view of these difficulties, the link chutes were
rmoved from the upper guns entirely. The links
were free to drop In the gun bay proper. To pro-
vent a link from Jaming either gun, the space was
pT*pzrly bufflod with ordinary window scrGen. The
screen baffles worked satisfactorily, and no stoppages
were caused. (See photo S1, Inclosure 812)

In order to Improve the link disposal system for the
two lower guns, a hopper was installed ia one air-
craft. It coLsisted of a sheet metal tray that guided
the links into the rear link compartment without old
of a chute. This modification was flight tested and
performed satisfactorily. (See photo $2, Inclosure
'12.)

(b) pnematic aun charger: Despite efforts to boost
the power of the pneumatic gun charger, it has
not been effective under the conditions to which
it has been subjected. Charges which operate
the gun perfectly during ground checks will not
successfully cycle the guns at high altitudes.
It can only be assumed that extremely low operat-
ing temperatures are the contributing factors in
charger malfunctions in the combat theater. Gun
charger pressure, which was 1100 PSI design pres-
sure, was increased to 1300 PSI. Also, the
pneumatic quick dicconncct, which waa thought to
be an air line restriction, was removed and re-
placed by a straight fitting. In view of con--
tinued unbatisftctory operation after these )
fixesg the gun chargers were removed from the
installatior, and charging was manually accom-
plished on -the Urourd. The anti-double chargie
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switch, which served no function once the
chargers were removed, was also removed at
this time.

(o) leoctrieal Firths System:

5 The Cannon P-1ng The connection of the
aircraft wiring circuit to the guns is
rather fragile. Due tG the location of
the plug with respect to the other equip-
ment in the airplane, it is difficult to
Install the connector with the gun in
place. If the connector is installed on
the gun prior to the guns attachment to
tht rear mount, the mass of the gun and ,*
movement required to mount it cause undue
loads to be imposed on the connector.

Dl, ay Belay: As originally installed,
the purgo relay caused a delay in firing
short, rapid, intermittent bursts. This
was considered unsatisfactory for combat;
therefore, the relay was removed from the
circuit. Additional purging after comple-
tion of each burst, which was the function
of the relay, was deemed unnecessary in that
previous tests indicated the purging system
adequate to perform one burst firing of the
full ammunition complement.

3. Electrical System Wiring and Location: Wir-
Ing to the cannon plug connector on the gun
should be encased in material of a more
durable nature. A flexible conduit from the
connector to the aircraft structure would be
more suitable then the shielded, insulated
cabling now used. It would be desirable to
simplify the electrical gun firing circuit,
especially toward elimination of the many
relays now employed, and locating gun firing
package in a more accessible comeprtment.

4p Ajuntton Heat System: The ammunition heat
*sy stem-e sm of questionable value on the present
Gun Val ammunition box configuration. Late
in the airplane design program, it was foond
necessary to add an additional tray to pre-
vent delinking of the amiinition from the
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links. This tray blocks the flow of heated
air to the ammunition boxes and heats only
the top layer of ammuoition. It is felt
that no heat would be better than heating
the few rounds of ammunition laying on the )
ammunition box tray.

5_. tomgn Sse.: At no time were there any
indTcatIo" that the prifajng of the gun bay
area was inadequate, though guns were fired
often under the worst possible condition for
purging, (i.e., extreme altitude, low Mach).

c. $tgognaoes of an Unknown Cause:

(1) Of the total of 210 stoppages only 28 could not be
positively attributed to any part of the armament
system. These malfunctions were 13.3% of the total
stoppages. The different types of "unknown" stoppages
were as follows:

(a) Failure to fire 20

(b) Failure to eject or extract 4

(c) Failure to cycle 2

(d) Failure to return to In-battery I

(e) Debulleted rounrl I

j. Failure to Fire: t
By far the most serious "cause unknown"

stoppages were the failures to fire. These
were 69.3% of the total unknown stoppages.
In all 20 cases, the gun was in the in-battery
position with a good round in the firing
chamber. A thorough check of the electrical
firing system indicated no apparent elec-
trical failure; however, all evidence pointed
toward some form of electrical trouble. The
possible existence of intermittent short or
open circuits during in-flight firing condi-
tions seems to be the most reasonable attempt
to explain the malfunctions. in no way did
the test indicate that electrically primed
ammunition is undesirable, but rather it
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illustrated the need for a simple, rugged
firing circuit.

S. Of the remaining 8 malfanctions, none in
themselves were considered serious except
the debulleted round. This problem is
discussed under the section on ammunition.

* I . Election Failures:

The four cases of a failure to extracti were unexplainable at the time they
occurred but a later incident provided
the probable cause. Three of the failures
to extract occurred on the lower right
hand gun of aircraft No. 868. After
these three malfunctions, a thorough in-
spection of the case chuting revealed a
partial obstruction in the fixed part of
the case chute in the aircraft. The ob-
struction was ground down and the mal-
function did not occur again.

d. fonnel:

(1) Personnel errors resulting in gun stoppagms totaled
20 out of the 210 stoppages. These errors amounted
to 9.9% of the total stoppages. The different per-
sonnel errors encountered were as follows:
(a) Improper assembly of gun 6

(b) Improper linking of eamunition 3

(c) Case chute not connected or improperly
connected 2

(d) Im:proper charging 2

(e) Improper inspection 4

(f) Improper loading or handling of ammunition 1

(g) Link chute not connected or improperly
connected 1

(h) Barrel latch not properly latched 1
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(2) Most of the above errors occurred during the first
four weeks of firing. These can be attributed to
the Inexperience of the armorers who joined the project
on a loan basis from the 4th Fighter-Interceptor Group.
A strict preflight and postflight check list was pre-

'* pared and personuel errors were held to a minimum for
the remaining period of the test.

e. Links:

(1) Of a total of 210 stoppages, II were caused by link
malfunctions. These ii malfunctions caused 5.2% of
the total stoppeges. The malfunctions encountered
were as follows:

(a) Defective connecting ring 6

Wb) Broken or bent •ars 5

.. Link Rinp=

Considering the total. n!aber of links used
(approximately 100,000) the 11 cases of de-!
fective links was not considered serious,
In many instances it was difficult to deter-
mine that the rings were actuall;y defective.

j.LinLEar.:

This stoppage was also difficult to determine;
either the ears were, defective or the whipping
of the belt against an obstruction in the feed
system caused the breakage.' Many ;tees links
were found with stiffeners missing or loose in
the link chutes and containers. Although the
loss of the stiffeners was caused by the design
of the link chutes, a more secure method of
fastening the stiffeners to the link body ap-
pears desirable. All links used were T61E2
of lot L8.

(1) Of a total of 210 stoppages during the firing of
98,135 rounds, 7 were caused by ammunition malfunctions.
The malfunctions credited to the ammunition were as
follows:
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(a) No propellant charge 4

(b) Oversize case I

(•C) Undersize case 2

spete fo.rm poplan efr laint:rn
The most serious malfunction was the four
cases of a gun stoppage due to rounds with
no propellant. After the occurrence of
these four incidents all &munition was in-ispected for propellant beoeloading. Dur~lng
this Inspectign one other round was found with

no propellant. Four of the rounds without
propellant were from lot No. KOP 47-2. This
was IEI amunition. The fifth round without
propellant was found in HEI azum ition lot
No. KOP 47-3. In all cases, the rounds
appeared worwal with the axcepption of no
propellant charge. Since approximately one
half of the 98,000 rounds fired was HEI, an
average of one round in 9,800 contained no
charge. This indicated a serious lack of
quality in the amunition and Imposed a con-
siderable inspection burden on the armament
personnel. Attached as Inclosure 213 are
photographs of the rounds found with no pro-
pollant charge.

2. Cases�Out-ofrDimension:

• •The three cases of an out-of-dimension cartridge
case caused the gun to stop.

8. In the case of the undersized rounds the
firing pin failed to touch the primer and
the gun fai.led to fire.

b. In the case of the oversize case, the drum
would not cycle due to the interference

Sbetween the rear of the case and the drum
cr€adlo. ftro again a case of poor il-
spection caused stoppages during air firing.
(See photo V22, Inclosure 9%)

•,: 3. Primers:

There were no cases of defective or shorted
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primers throughout the test, The primers
of all rounds that failed to fire were
chocked with an obometer In the shop after
propellent had been removed.

4.Debulleted Rounds:

Although debulleting of the m--unition only
occurrea twice, this is considered to be a
serious condition. The debulleting of the
projectile was undoubtedly caused by some
violent action in the feeding system. The
most unusual case occurred when a projectile
was ramed into the drum backwards. (See
photos 920 & *219 Inclosure 5g)

2& Othegrs:

. One peculiar incident occurred during a
firing mission. The gun stopped in the
ia-battery position with an empty ease
in the firing chamber. Upon inspection I -

of the gun a curious yellow powder burn
was noted on the front of the drum. (Mee
photo 323, Inclosure 09 Unburned powder
4f a strange yellow color was found
scattered through the gun mechanism. A
sample of the powder has bee, saved for
analysis. Fkom the position of the powder
burn, it appears that the gun started to
cycle with the powder still burning. The
powder pressure was insufficient, and the
gun returned to its original position.
The yellow powder is unlike *-iry other
seen in this ammunition, and it is felt
a further Investigation should be made.

b Premature Bursts:

On 41 occasions pilots observed what ap-
peared to be white Incendiaty and lI
explosions during a burst, end their
observations were substantiated by gun
camera film. The flashes were estimated
at ranges of 100' to 2000' frem the air-
craft. In no cases were the aircraft
damaged. (See Photos 24, 25, 26, Inclosure 8()

•. Erratic Fliht:
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Gun camera film revealed several erratic
rounds. These were all API rounds with
beeswax tips to make a trace, The rounds
appeared to veer fur off the normal path
of the other rounds.

SU ; 3. Aijaent Servcle and Maintenance

Sa..
It must be realized that this weapon is still in the

development stage and some of the difficulties encountered during this
test which affected the reliability of the weapon have been, or will
have been# eliminated; and that the maintenance burden irposed and "
preveoative maintenance procedures used throughout the test will not
necessarily be a requirement for obtaining tn acceptable gun performance
in future armament installations.I

(1) Prior to installing factory received weapons in tie
aircraft, the following rodifications and/or opera-
tions were accomplished to insure maximum gun per-
formance during combat operation of the aircraft.
C(Se photographs Inclosure *114

(a) Cast drum cradles wore replaced with forged
drum cradles.

(b) Steel gas pistons were replaced with titanium
7 pistons.

(c) Standard type barrel and drum shaft latches were
replaced by positive-locking, threaded latches.

(d) Installed latest type extractor spring screws.

(e) Cut access holes in feeder housing to permit
attachment of manual charging cables to slide.

(f) Installead filler plates on slide assembly.

(g) Drilled anvil knock out holes in drum cradles.
I (h) Installed latest type anti-double-feed springs.

(I) Installed modified link guide tracks with ex-tension.

(j) Modified recoil spring covers, inspected spring
elements and resot preload to 1000-II00 pounds.

Appendix E - Page 14
106



(k) Checked clearance of drum rollers in cam path

and relieved where binding was encountered.

(1) Checked continuity of gun firing circuit.

The rework listed was performed on a total of
eighty guns and required approximately 30 man •
hours per gun.

(2) W*On the inftallotion of the new guns in the air-
craft a strict maintenance procedure was adopted
and followed throughout the entire program. This
included daily preflight and postflight inspections
which were performed by the flight line personnel,
and the gun overhaul inspections which were per-
formed by the shop personnel.

(a) Preeflight M"Istenence: "

The preflight check required approximately
lVl man hours per aircraft. If an electrical
failure is detected in a guns it requires an
additional 30 minutes to change the anvil
assembly and/or firing harness. (Reference
Inclosure 18 Page 1)"

(b) Postflight Maintenance:

The postflight check required approximately
2 man hours per aircraft. Additional post-
flight time is dependent upon whether or not
stoppages occurred. Some stoppages required
two wan hours to clear; for example, a link
jam in the link chute and feeder with the
slide out of battery. In other cases, it is
necessery to removt the gun from the aircraft
to repair it. (Reference Inclosure 38 Page 1
and 2J

(c) WhoR M tn8 :ce

The portion of the maintenance program performed
in the shop consisted of pre-lnstallation gun
inspection and the intermediate gun inspection
which are similar in time involved and procedure )
used. The intermediate inspection was performed
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at the aspumed half-life of the gun (1200 to
1500 rounds fired). Approximately 16 man hours
-were required to remove 4 guns from an aircraft*
perform the shop inspection and servicing, and
re-install the guns. (Reference Inclosure 8
Page 3 and 4)

(d) Additional SOP's:

As a result of gun maintenance experience gained
prior to, and during the first weeks of this
test, three other shop maintenance procedures
were set up and followed throughout the remainder

of the program. (Reference Inclosure *8 Pages 2,
3 and 4)

(e) Additionael Gun Luintgnance Procedures:

It was deemed advisable to change anvil assembly
daily, due to the high percentage failing to

omet the electrical check prescribed in the
shop SOP's and preflight and postflight checks.
If a harness assembly also failed to pass the
preflight check or postflight check, it was
removed to the shop and checked in the follow-

Ing sonner:

A meg meter is applied using 500 volt DC, and
if there is no leakage indicatedt the harness
is suitable for use at altitude conditions.
The change in electrical characteristics of
the firing circuit at altitude made necessary
the 500 volt check at sea level. Limited to
the use of a Vi volt ohemeter at sea level one
does not often detect a leakage that Occurs
with the aircraft 400 volt circuit at altitude,
Also using the meg meter (500 volt capacity) it
was possible to detect insulation failures in
the anvil assembly. All of the above mentioned
maintenance procedures and SOP's were the re-
sults of the combined experience of all the
team personnel participating In this progra.
They were considered absolutely essential to
obtain the maximum efficiency from the model
gun used in this test.

(f) Personnal and Training Requirgemgts:

Because of the increased weight of the gun and
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the numerous other deficiencies discussed in
this report, the maintenance burden was approx-
imately 50% greater than that of the normal .50
caliber gun installation. Durivg the first 8
weeks of the test, 2 armorers were required to
service each aircraft. In the later weeks, two
men working aa a team serviced two aircraft,
Experience gained during the test indicates one
man can perform the normal preflight and post-
flight; however, any abnormal incident requires
two men, Shop maintenance was considerably
greater, and several men were kept busy at all
times in the armament shop. It was the consen-
sus of most armorers that assembly and disassembly
of the revolver type weapon were easily performed*
although six of the personnel errors were due
to improper assembly of the gun. In most cases
these could have been evoided with either mora
traltning or preferably a redesign of the parts
to prevent malassembly. A typical Ill•2stration
of this is the gas tube adaptor, which if ira-
properly assembled, causes the gun to stop after
firing one round. A simple redesign could elimi-
nate this type error.

In general, the problems of the T-160 gun with
its electrical firing circuit are more difficult
than the problems associated with the .50 caliber
gun installattons. Due to the numerous electrical
difficulties found in both the gun and the air-
craft firing circuit, it is felt that a bettex
understanding of basic electricity is desirable
for the armorer who is to be trained to service
this weapon.

b. installat~on Maintenance

There are several deficiencies existing in the present in-
stallation that affect the servicing and maintenence of the gun installs-
tion.

(1) Setting up and firing in of guns on the Boresight
Range constitutes the mejor problem from the stand-
point of time involved and difficulty in accomplish-
ing the desired results. For complete details, refer
to Appendix C, "Boresighting and Harmonization".
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(2) The complexity end poor accessibility of the firing
circuitry requires excessive maintenance time in
locating and correcting electrical troubles.

(3) The air compressor system which operates the purge
doors and gun chargers requires special maintenance
daily during the winter months of operation, such as
thawing compzessors and actuating pneumatic purge
doors t- Insure their operating satisfactorily prior
to take-off.

(4) Cleaning of gun bays and blast panels Imposed addi-
tional maintenance upon flight line personnel. Be-
cause of inherent gas leakage characteristic of
this type weapbn, excessive deposits of carbon
accumulated throughout gun bay areas and associated
equipment in the gun bays. It would be desirable
for future installations to have removable pans or
baffles located beneath the guns to ease this main-
tenance burden.

(5) Link chutes were difficult to remove when link jams
occurred during firing. An excessive numbiar of man
hours was spent In clearing this type jam. As a
result the upper link chutes were removed and the
links contained in the gun bay area with appropriate
screening. It is believed that hopper type link
containers instead of chutes would be advantageous
from a servicing standpoint.

(6) The ammunition loading cycle is approximately the
same as the .50 caliber installation and the added
maintenance is negligible.
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Monthly SuiMmury of Aerial Fi•rQn and- Reliability

18 - 20 9eb 1951 S-oPece Ceusts

Loaded - 38,462 RDS Gun - 27 eo

Fired -32,446 RDS Install -54e 4 )
Lost - 69026 RDS Pero - 13 ..

Fireout - 04.4% A.o - 3 es

Stoppages - 111 Link - 3 em

Stoppage Rate - 3.42/1000 Unknemn - 11 on

Missions - 100

21 Feb 14a3 - 21 Mar 1963 StooRnAe Causes

Loaded - 25,484 RDS Gun - 24 es

Fired - 23,524 RDS Install - 3 es

Lost - 1,960 RDS Pers - 4 ea

FVieout - 92.3% Awo- 2 em

Stoppages - 42 Link - 1 eo

Stoppage Rate - 1.8/1000 Unknown - 8 es

Missions - 110

22 Mar 1953 - 17 A2r 1953 StODDEJqe Causes

Loaded - 30,769 RDS Gun - 19 ea

Fired - 28,791 RDS Install - 8 ea

Lost - 1,978 RDS Pers - 0 ea

Fireout - 93.4% Ammo - 1 es

Stoppages - 41 Link -S ia

Appendix E - Page 19
Inclosure $1 - Page 1

111



2,a,9 - 17 Agr 1.953 (Contd)

Stoppage Rate - 1.4/1000 Unknown -8 e s
SKMission•s - 115

1§ An 123 - I No 1953 Stoiaoae Causes

Loaded - 14,168 ROB Gun - 5 on

Fired - 13.374 RID Install - 4 em

Lost - 784 ROS Peas - 3 ea

FPieout - 94.3% Aemo - I a

Stoppages - 16 Link - 2 eo

Stoppage Rate - 1.2/1000 Unknows - i em

MissioRs - 37
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Sa=W Q[ MINR& LIME

NOM: All 100 of the mentioned barrels were d60led with new No. 8
drllis to bring the orifice size from .187 to .199. One new drill

. mas used on each two barrels. The method of drilling ts described[" In the shop SOP on barrel drilling,

r NIMR ors CRACKED TUff4
2M s J&HBL O2UU ORIF-If M

18 115 yes

12 230 Yes

5 30 Yes

5 345 Yes

16 Sw ~ yea

. 4 600 Yes

"1i 280 Ues

2 115 yes

2 300 Yes

1 115 Dam. FPce

2 280 Daw, Face

I 1w 5•Dam. Face

2 0 Out of DOE.

17 50 Okay

Total 100

h.
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DURING PER122 2E OPRAII&!-

JANUARY MAX (F) An N (F) lEAN (W) MIN (W) MIN W7)
. 1953 b2 ft.-L.LL 62 ft 4100 ft

16 21 5 14,8 -60.9 -699 -9
17 34 10 24.0 -64.8 -72.4
18 39 22 31.2 -57,0 -68.8
19 34 15 26.7 -59.3 -64.5
20 33 24 29.9 -62,1 -7440
21 35 16 29.0 -62.3 -73.8
22 39 23 33.5 -58.o -73,3
23 36 10 29.2 -62,5 -73.8
24 42 20 33,.9 -59.8 -76.0
25 35 23 31.5 -67.0 -77.8
26 31 19 26.6 -64.3 -72.9
27 38 14 27.4 -54.0 -71.9
25 32 19 29.0 -53.9 -66.5
29 27 12 21,5 -61.6 -69.3
30 27 7 18.9
31 26 9 20.0 -60.5 -66,6

FEBRUARY
_1953 ..

1 25 9 19.5 -67.0 -71.5
2 27 5 18,5 -65.2 -78,5
3 32 9 22,5
4 40 26 33.0 -62.5 -74.9
5 41 19 31.7 -59.3 -77.1
6 32 21 28.1
7 28 13 22.0 -62.0 -72,4
8 26 9 19,5 -58.0 -70.6
9 34 13 27.5 -70.6 -77.8

10 40 24 34.3
11 41 31 39,0 -65.7 -77.8
12 41 28 35.0 -76°0 -85.0
13 42 28 35.0 -70.6 -78.3
14 37 24 30.9 -63.4 -73.3
15 29 11 17.6 -67,0 -78,3
16 26 8 19.5 -68.1 -76.0
17 29 16 24.0

19 32 12 24.1
20 31 18 27,5 -67.9 -78.3
21 33 18 26.5
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cCOir'D
FEORUARY

22 37 11 27.5
2342 23 3~5.o

24 44 25 38.2
25 53 30 43.9
26 44 27 36.8I27 52 33 40.025 53 31 45.9

NMNC

1 55 32 44.3 -69q.1 -70.4
2 41 32 37,.3 -6.8 8.30,
3 39 27 34.2 -68.8 -79.6
4 39 25 35.4 -70.6 -75.1
5 44 31 38.5 -T2.0 -74.8
6 48 30 41,5
7 46 33 42.5 -62.7 -76.2
8 45 30 38.7 -69.3 -77.4
9 51 32 41.6 -70.8

10 47 38 42.8 -65.2 -46.1
X1 47 34 41.4 -49.5 -76.2
12 42 32 38.4
12 41 30 37.0
14 44 29 39.7 -69.7
15 47 28 39.4 -64.3
16 51 32 46.0 -58.4 -69.5
17 53 33 46.3 -68.8 -71.0
18 58 34 49.6 -73.8 -77.8
19 53 37 47.4
20 54 44 49.5 -53.5
21 58 44 51.8
22 54 37 47.2
23 54 43 50.2 -67,0 -71.3
24 53 41 49.7 -60,7 -67.9
25 419 33 37.4 -61.6 -72.4
26 45 29 37.4 -73.1
27 55 33 47.2 -66.1 -65.2
28 55 36 48.5 -47.2 -61.2
29 53 36 46.5
30 .3 46.9 -59*6 -72-.2
31 56 33 48.0 -66.1 -77.8
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1 53 37 46.7
2 55 .35 47.9
3 59 4D 51.7 -b8.0 -72.4
4 54 38 40.4 --66.6 -72.6
5 56 43 49,8 -69.8 -71.9
6 57 37 50.3 -67.2 -73.3
7 60 36 51,4 -71.0 -76.9
8 63 36 52.5 ..80.1 -77.6
9 60 41 54.3 -73.1

10 67 45 57.3
11 54 39 51.0 -69.9
12 50 37 45.0 -62.7 -68.1
13 55 39 51.0 -67.0 -68.4
14 60 40 53.3 -77.6 -74.2
15 61 42 56.0 -69.9 -76.0
16 59 40 53.0 -62.3 -74.2
17 60 35 52.5 -63.6 -72.9
18 59 39 53.1 -.60.9
19 63 38 55.a -W.4 -66.8
20 57 40 52.3 -1.6 -74.4
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PMMIFGWJ INSPECTION

1. Check air pressure. Thaw and drain air bottle.

2. Inspect gun mounts, electrical connection, harness, and general
condition of the gun bay.

3. Apply power to aircraft. Be sure air compressow starts operating
and check for air leaks.

4. Check firing circuit with magic wand.
i' . Inspect ammunition boxes. link chutes, amunition chutes, case ejec-

tion tubes, feeder and drum shafts, muzzle stabilizer and gas seals.

6. Secure link compartment doors and barrel access dooes.

7. On instruction from pilot, charge guns and inspect chamber to in-
sure that a round is in the firing position and operating slide

r Is completely forward.

S18. Install gun bay doors, close inuanition compartment doors and in-
stall the leading edge.

POSITIGUT INSECION

1. Determine and record stoppages and niwber of rounds fired.

2. Clear all guns.

"3. Remove and Inspect the following:

a. 1.arrel,
b. Drum seals.

4. Replace the following:

a. Anvil assembly with clean and electrically checked assably.

T ~b. Cra~cked oasis.
r

iI
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5. Inspeoc re ainder of guo for worn or defoctivo parts.

6. Rassemble mnd cycle gun to insure free opertion.

70 Check all safetying device,.

0. Remove ended links. )

9o Check firing circuit with maglo mad and $noune maimdoule fnd
dot(Wc operates corzectly.

10. Relowh and Install aromuition cs,

1e Chazgo two (2) rounds Into ta d

S12 Replce and/or close all doors*

1. Report to shop Ihe status of the uimplase.

WME: This Inspection is peoronid enall mew gums prior toea s

1. Complete dlsasseably of mo"*

2. Inspect all parts for wear or breakagoe

3* Replace any parts dotemined unserviceable In 82.

4j Replae all the following parts:

a, Old type AIa.b spring with new type.

b, Steel piston with titanim piston.

5. asset recoil springs as per instructions.

6. Reasseiblo weapon checking items listed In 87,

7. Check Lilt!

a, Insulation value of anvil asseOly and harness with 60 V
100 moter*
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b. Cirnait continuity of anvil assebly Ad heruess with volt

o. AW contact fit w•th AM pamu.

do 4 R oller clearmace I. can path.

'2o Safetyiag of all parts.

f. Position and tightness of gas tull

g. Fit of gas piston (.006 to .2O uader flush.)

86 Check cleaones on front mouting lags and filt uhern moessay.

9. Tap rea mount holes to rmove barun, etas

MMl This inspection Is peofmmed In the shop at the son half life
of the gus (12W00 to 1800 rounds).

e1 Complete disaesmbla y of waspom.

2. Clean all patsee

36 Inspect all parts for meat ad brakageo.

4a Raplace any parts determined unserviceable in 8s

5. BVeO llc o the fo~loawav p8Irtfi

"a" Cm Insert soem

b. Seals*

e .Harness seu•Oen

d. Followsa spring.

., Round retainer spring.
Sf,. ADF' Spring.

6. Reset recoil springs as per Instructions.
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7. Reassemble weapon checking items listed in 3.

3. Check list:

a. Insulation value (meg meter).

b. Circuit continuity (volt meter).

c. AOF contact fit with MW rpawl.

d. Roller clearance in cam path.

e. Safetying of all parts.

f. Position and tightness of gas tube plug.

g, Fit of gas piston to forward face of cylinder (.005 to .020
under flush).

ANVIL %t,_ING CIECK LIST

NTME: Anvils are cleaned daily according to the following procedure.

i. Complete disassembly of anvit assembly.

26 Inspect for broken parts and cracked insulation.

3. Clean rust, corrosion and carbon off motal parts with crocus cloth.

4. Clean with alcohol.

5. Ream inside of drawber with size '20 drill.

6. If necessary fQao off front of firing pin Insulation with 1/8" driil.

7. If necessary ram firing pin hole in anvil insulation with size #48
drill.

8. Assebale anvil.

9. Check firing pin protrusion with flush pin gauge. (Reject if under
.025" or over .034".)

10. Check insulation value with meg meter.

11. Check circuit continuity with vclt ohmmeter.
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1, Remvi cover and Inspect for broken elemients. Replace *over*

(3 3. Place tn pteload device* coopross to 35000*

4. Back off preloadC not three~ (3) turnso

6. Compress to 360W and return to 08 wi. noa

7. 1:: res to100a ihe preload auto..~

10o If prelod noteloaee between 10006an 1100 '.hucofz

mdj eat out and repeast steps 8, 9,0 sand 10.

I 2o Remove from calibrating davlase and Inspect for broene elements.
13. Raplace cotter pin.

MM2E Most barrels are received with a .16-11 dimoter ordIfice.
This orifice must be drilled out to .199" to gain increased
cyclic rate, Som barrels have been received with a .J9""1
or a .203" diameter orifice, The .19" diameteir orifice
can LQ ikilled in the sun manear as the standard ,187
orifice, The .203" diameter orifice should be Installed
as is,

suac waithafine file* ~ ~ i baa
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2. Place barrel in drill jig.

3. Place locating pin in barrel orifice and tigbten set screw.

4e Drill barrel with sie 68 drill.. Use one new high speed V
drill on each two barrels* Do not fores the drill. Apply
an even light pressure to the drill*

5. Remove barrel from drill jig.

6& Inspect orifice for cracks or misalignment and brush way any
shavings from drilling.

7, Try barrel in gun to check for proper fit.

'I

ii

")
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PHOTOGRAPHS

OF

ARMAENT HALF JfIONS
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3'1

PHOTO '2 -"SLIDEiWPY W~ELDS"
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PHOT 93 "TTANIM PITON
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..- . A

PHOTFO $7 -"RECOIL SPRING ELEIWENTS"

~+0

PHoTrO SO - "BARREL ORIFICE"
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• . ._. .. _•r. __"-

PHOTO 89 - "BARRE FACE"

P.. .- -410 "DRUM SE••" I
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PHOT 191 "HANESSASSEBLY
Ap ea i E 

-Pgo 
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PHOTO X13 -"BROKEN FIRING PIN SPANNER NUT"

PHOTO 914 -"CRACKED FIRING PIN"

Appeniidx E - Page 43
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PHOTO 15 G 16 -"BROKEN FIRING PIN DRAWBARS"

3p

PHOTO 417 -"DAMAGE TO BLAST PANEL (II AMMUNITION)

Appendix E - Page 44
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PHOTO '18- "SJEAI RIM OF CASE"'

PHOTO V19 "DBILM ROUND"

Appefidi~x E - Page 45
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PHO)TO $20.. WDEBULDETED DD (1800)

PHO'O 921 -"DEBLLLETED RD"M

Appendix E - Page 46
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PHOTO $22 -"OVER LENGTH CASE"

PHOTO 323 -"UNUSUAL. POWDiER BURNS"
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ItI

PlUTO *25

6.*4 1-1
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.7t

t The following tools and equipment should be provided It addition

to the regular set of tools issued to weapone mechanics.

S C. I. "Me•ie Wand"
2. Ohmmeter (li volt.)
3. Opersting Spring Tool
4. Amno Loading Hooks
G. Hood Chu:ging Cables
6, Load Mallet
7. Raw Hide Maul
8. Allen Wrenches - 8lOe 1/4o 5/16, 3/8 and 7/16 Inches.
9. Long Drive Pin Punches - 3/22, 1/80 3/16 and 7/16 Inches.

*I
1. Firing Pin Retainer Wrench
2. Recoil Spring Retainer Spanner Iftench
3. Gas Cylinder Plug Spanner Wrench
4. Barrel Jig (see photo)

S5. fMtmotero5rO
6. Volt - Ohmmeter
7. Emery and Buffer Wheel
8. Cotter Pin Removal Tool
9, Recoll Spring Preload Setting Machine CPhoto)

L

1, Hand Linkermi
2. Machine Linker
3. Amre Can Opener

tI
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PWOGRAPHS

or

GUN MDIFICATIONS
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PHOTO '1 -DRUM CRADLES"

PHOTO '2 -"INTERFERENCE ARE-AS OF UN~MODIFIED FORGED DRUM CRADLES"

Appendix E - Page 54
Inclosure o11 - Page 2

146



-- 7 1

PHDMT~ 83 -"DRUM CRADLE ODIFICATION*

a. Extractor Spring Counter Bore Deepened 114". -
b. Barrel & Drum Shaft Latch Holes Threaded for NAA Lock Plus.

Appendix E - Page 65
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... .-. .

jPHOTO 34 (a. Modified Feeder.) (b. original Feedeie )

P~HOTO 25 (a. Original Operating Slide Assys)

(b. Modified Operating Slide Assy.)
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Ni~OM #6 (a. Origiual, Feeder Link Guide.)
(b, M2odified Feeder Link Guide.)

PHOTO #7 - "Original C. Modified A.D.F. Springs"
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PHOT X1 -"REMOVAL OF UWPR LINK CHUME AND
SCREENING UED TO CONIAIN LINKS IN GUNl BAY ARlEA."

PHOTO $2 -"RE~MOVAL OF LOVE~R LINK CHUME & HOPPER
EMPLOYED TO FiNI 'v'E LINKS WINT LINKC OMPARTMENT."
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S.jL

PHOTO 93

GA-S DEFLECTORS INS6TALLED TO REDLEE COMPRESSOR

i 
"i

L$STALLS CAUSED BY MUZM E FLASHES. THE EFFECTIVENESS

OF THIS MODIFICATION WAS LIMITED.
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PHOTO 3j - "STRIPPED R(YIATING BAJrs" -.1

(
PHOIO �2 - "H.E. I. AMNIIIilTION LVITHOLTT PROPW...ENT"
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APPENDIX F

This appendix covers the operation and maintenance of the Ffre
Control System in eight (8) F-06F-2 aircraft equipped with T-160. 20
mm guns. The period of this report is II January 1953 to I May 1953.

These alrrcaft &te equipped with the standard MA-3 Fire Control
System consisting of the AN/APG-30 radar and the A-4 gun bomb rocket
sight. The Range Servo is the standard RS-311 with the exception of
the positioning mechanism. Positioning mechanism E-118 for .50
caliber has been replaced by positioning mechanism ME-1iO for 20 ,m.

Instrumentation to the Fire Control System consists of the APGC
range limiter and a pilot's radar "lock-on" sensitivity control.

Upon arrival of the aircraft at Kisarazu AFB, Japan, a modified
NAA computer bracket was installed on all computers. The eight (8)
pound shock mounts manufactured by Lord Manufacturing Company was re-
placed with Robinson MET-L-FLEX shock mounts. This was done In an
effort to reduce reticle vibration. Reticle camera film and pilot's
comments indicate that vibration was reduced by approximately 50%.
Photographs of both the old and new computer brackets and shock
mounts are inclosed In this appendix.

1. Fire Control System Re liability:

a. General

•1 alutenance to the Fire Control System was the sane as
the maintenance procedure outlined by the consolidated Radar and Gun
Sight shop of the 4th Fighter Interceptor Wing. This consisted of
complete slope and zero calibration of the radar and G-3 system
analyzer test of the sight every three (3) days. Da'ly preflight
inspection consisted of an operational test of the system plus
measuring of all power supply voltages by use of the TS-352 multi-
meter.

A total of 284 combat missionc wora flown during the
period of this report. Pilots reported a malfunction of the system
on 29 of these missions. Postflight inspection of the system by
use of the test equipment failed to reveal a discrepancy on six of
these reports, and satisfactory operation was obtained on the next
wission without any adjustment to the system. A total of 23 mal-
functions were discovered by maintenance personnel during slope
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and zero tests and preflight inspection. This makes a total of 46
mslfunctiono to the Fire Control S3ystem duxing the period.

b. APG-30 Rader

Upon arrival of the aircraft at K-14, acceptance in-
spections wero performed on all sets. Slope and zero calibration
tests were made during this inspection, and all sets were found to.
be operational. A check of each set was made at this time to de-
teomine if 1l1 the manufactu-nr'n madificationa. cc outlined in
AN-16-30 APG 30-3, dated 15 November 1952, had been complied with.
It was found that all modifications had been made. However, after
a discussion with the General Electric technical representative at
this station, it was decided that modification 34 should be deleted.
The purpose of modification 34 was to eliminate the selectivity of
V-108 (2D21) tubes in the range transmitter. In doing so, it had
been found by OProject Jaybird" that it also eliminated the over-
"load protection feature of the circuIte The circult affected by
modification 34 was returned to its original status. This accounts
for the high consumption rate of 2D)21 tubes.

A total of 30 malfunctions occurred to the radar sets
during the period of this report. Of this number, eighteen required
replacement of parts, and twelve required adjustments.

Radnr sets were removed for bench checks at all
intermediate inspection periods, and at other times when a mal-
function was of a nature that it could not be analyzed with the
test equipment normally used on the aircraft.

c. A-4 GBR Sioht

Acceptance inspection to the sight included a G-3 system
analyzer test. This test showed all sights were operational upon
arrival at this station.

A total of eight malfunctions occurred to the sight

during this period. All the sight malfunctions required rsplacement
of parts. Following is a lirt of aircraft and dates at which cali-
bration tests of the sight were made. The procedure for this test
is outlined in Sperry Engineering Specification No. 667493 as modified
by A.O. 22190 for 20 mm prediction angle sensitivity. Also listed Is
the total number of rounds that had been fired through each aircraft
at the time of the test.
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Ai~~ No. Dt

868 25 Feb 1953 After 10,611 rounds

819 27 Feb 1953 " 9,000 rounds

026 7 Apt 1953 " 15,284 rounds

836 9 Apr 1953 U 15,165 rounds

803 22 Apr 1953 " 11,798 rounds

867 24 Apr 1953 " 22,226 rounds

855 24 Apr 1953 " 11,933 rounds

These tests showed that all the specifications still
fell within the manufacturer's tolerances. Little or no change
had taken place since tests were :xun at the beilinning of the program
at Edwards AFB, California.

d. Range ervo

There were eight malfunctions of the Range Servo during
this period, all of which required replacement of the plug-in com-
ponents.

2. Descr!LtIon of Difficulties

a. The following is a list of parts replaced to correct
malfunctions.

(1) •ndo.er

13 ea 2D21 tubes

1 ea 5517 tube

1 ea Directional coupler

2 ea 5 Amp. 3AG fuzes

1 ea AVC crystal

(2) Sight

3 ea Sensitivity amplifier (plug-in unit)
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1 ea Amplifier chassis

1 ea Range drive motor (sight head)

2 ea Range amplifier (plug-in unit)

1 ea .2 mfd capacitor

ma(3) n= ErvO

"" ea Power supply

1 em Modulator

2 ea Amplifier

I ea Adapter

1 ea Chassis

2 ea IC-150 Positioning Mechani• m

3. Conclusions:

It is concluded that the MA-3 Fire Control System. as
modified by positioning mechanism IW-150 to provide prediction
angle senslI.vity for 20 m ammunition, is suitable for use in
aircraft equipped with the T-160 guns.

Visual inspection of both the interior and exterior of
all components during calibration tests showed that the systemSsuffered no damge asa r esult of the Increasd forces Imposod

on it by the 20 mm guns.
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APPENDIX G

CAWRA IfijTALLAIN

1. Z

The cw.-.ra inatallation in these test aircrft Included the
normal scoop arrangement with AN-6 camera. In addition to the scoop
cameras, the aircraft were equipped with a sight reticle camer• which
recorded the sight reticle in addition to the target. The original
erector head for this reticle camems was found unsuitable since it
restricted the pilot's vision to a large extent. The erector head In
this installation was 1i inches In width. To correct this deficiency
a now erector head manufactured by the Z4ouar Company was installed.
This new erector head was 5/8" In wldth and "as considered desirable
and acceptable from the point of view of restriction in vision. Thb
features of the Zoomar erector head which permit a reduction in width
to 5/8" is the addition of a lens in the assembly itself. In the in-
stallation in these test aircraft, the camera was mounted in an inverted
position. By the addition of this extra lens, the resulting image wasalso Inverted. This was found to be undesirable and the camera should

be mounted in an upright position in future installations. In addi-
tlon, the set screws on the erector head were found to be too small,
therefore could not be tightened sufficiently to prevent rotation of
the erector head due to vibration. It was also observed that the
back plate on the erector head where the manufacturefs name and
serial Lumber were located was painted white. This portion of the
head is in direct line of sight between the pilot and the target and
proved to be distracting. Included as Inclosuro 81 is photograph of
old and hew reticle camera Installations.

During this test 284 combat missions were flown. Black and
white film was used in the reticle camera and Kodak color film was
used in the scoop camera. A total of 114 black and white film magazines
we-e processed, a total of 60 color magazines were forwarded to the
Air Proving Ground Command for processing. Out of 582 magazines ex-
pended on firing missions during this test, 98% ran without mishap.
The malfunctions which occurred were as follows:

a. Five camera malfunctions.

b. Six magazine malfunctions.

c. Three wiring malfunctions.
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i3.

th* It Is reccmwinded that a spicng loaded switch be placed in

cthe cokpit In future Installations so that the caerax may be In-
operative during preflighting of the guns. Preflight procedures for
this electrically fired gun require that checks be made of the electrical
firing circuit on the ground. If the cameras are operated needlessly
during the checking of the gun electrical system, this will shorten
the life of the omra,

*1
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PDOTOGRAPHS SHOWI1NG OLD AND N~EW RETICLE CAMRA IM5TALLATIOIN5

NAA CAMERA ERECTOR HEAD
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NEW ZOONAR CAIMRA ERECTOR HEAID
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APPENDIX iH

ENGfIcNEMrMi§il S~&A

1. Occurrence

a. At frequent and unpredictable times while firing the
guns above 35,000 feet during this test program, large flashes were
observed forward of the gun muzzle. These flashes were of varying
intensity and at times extended well forward in the vicinity of the
air intake of the aircraft. On twenty occasions during this test
program pilots reported an engine compressor stall accompanying the
large flash. Early in the test one aircraft was lost with conditions
associated with this engine compressor stall problem. Attached as
Inclosure 1 are pictures taken during gun gas firing tests from an
accompanying aircraft which show the build up of gun gas flash for-
ward of the aircraft.

b. Conditions

Conditions under which those compressor stalls were
encountered were at altitudes between 37,000 feet and 40,000 fen,
at air speeds between .68 Mach and .% Mach, engine conditions from
90% RPM to 9% RPM, tail pipe temperatures from between 500 degrees
and 690 degrees and with IEI, APIT and mixed loads of API and HEI
munition. Complete data recorded on flights where engine compressor

stalls were experienced is included as Inclosure 2.

The pilot's indication of engine compressor stall was:
With the accompcnying flash forward of the aircraft, lie normally
experienced an engine noise, best described as a pulsating effect,
accompanied by a rapid increase in tail pipe temperature and a de-
crease in engine RPM. After Investigation it was found'that this
condition could be corrected by moving the power control to the idle
position und immediately diving the aircraft, increasinm the ram air
intake and seeking an atmosphere of higher density. After the third
engine compressor stall, only experienced pilots were utilized in
this test to minimize the possibility of losing another aircraft.

2. Effect on Test Program

After the third engine compressor stall associated with the
armament installation, the aircraft were withdrawn from combat missions,
and a series of gun gas test missions were flown in a non-combat area
in the proximity of an airfield. During these tests photographs of
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the associated gun gas flash were obtained. To find a condition which
was suitable to recommit the aircraft to combat use. modification to
the gun firing circuit was made which permitted the pilot to select
firing of either the two upper guns or all guns. After firing 55 gun
gas test miosions, a decision was made to recommit the aircraft to(• combat use with the following restriction.

a. Four guns would be fired up to an altitude of 35,000
feet.

b. Iwo guns would be fired between 35,000 feet and 40,000
feet.

c. The guns would not be fired above 40,000 feet.

Since only experienced pilots were flying the test aircraft,
and the frequency of compressor stalls could not be predicted, gun
operation wav extended to higher altitude when no enemy aircraft were
encountered between 3XOO and 40000 feet. Theze were six cases where
pilots firing at enemy aircraft experienced engine compressor stalls.
These were all above 40,000 feet. However, the pilot in each case
was able to recover from the engine compressor stall and raurn safely.
In one case, due to the severity of the engine stall 'ondition. an
engine was changed upon return to the home station. The occurrence
of engine compressor stall associated with the armament installation
caused considerable compromise to the test program. Therefore, the
results attained in enemy contacts and those achieved on the occasions
of enemy contact should be viewed with thiq in mind.

3. Investlatl°on and Corrective Action Taken

a. 7he Gun Val project team in FEAF reported a decision to
remove the test aircraft from combat because compressor stalls had

L been encountered three times on combat missions. The Gun Val committee
immediately began an investigation to obtain a positive fix for such
compressor stalls. Such corrective action would allow recommitment of
test aircraft to unlimited combat and would avoid similar trouble in
future production aircraft utilizing the T-160 gun.

b. At the request of the Gun Val Committee, the Ordnance
Corps conducted tests to determine if API ammunition, deliberately
mutilated, could cause pre-ignition of the ammunition in the vicinity
of the muzzle of the gun. The results of these tests proved that it

S ( was virtually impossible for a round, that was capable of being auto-
matically fed into the gun, caused premature ignition immediately
forward of the muzzle of the gun.
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c. Tests were flown with the two F-86F/T-160 aircraft of the
same configuration as the FEAF test aircraft at Eglin Air Force Base
and by North American Aviation, Inc., under the conditions described
by 'the FEAF reports, but flashes of the magnitude experienced in FEAF
or compressor stalls could not be produced with bell amnunition in
approximately 20 missions flown expressly for this purpose.

d. In order to deliberately produce compressor stalls at
will for controlled test on possible fixes, the Ordnance Corps produced
5,000 rounds of ball ammunition with the flash inhibiter removed.
North American Aviation, Inc. requested to conduct flight tests under
the following conditions.

(I) To determine the amount of uninhibited ammunition
necessary to produce a positive stall at will.

(2) Test North American fuel rescheduling fix for capa-
bilities to eliminate stall.

(3) Test both North American and Ordnance Corps finger
type flash hiders for elimination of stalls by
suppressing the flash.

(4) Test Horseshoe shape blast deflectors to eliminate
stalls by deflecting the gas away from the air intake.

e. An ammunition load of 60 rounds of ball amnunition followed
by 15 rounds of uninhibited ammunition produced flashes of sufficient
magnitude to cause compressor stalls on five successive attempts. Ap-
proximately 8 missions were conducted by North American with this load
of ammunition Incorporating the fuel rescheduling fix which proved to
be successful in eliminating stalls in five out of seven instances.
The next six missions incorporated the North American flash hiders
which resulted in two stalls encountered in six missions.

f. The flash deflectors were welded to the normal blast panels
at a distance slightly forward of the muzzle and in line with the bore
of each gun and served to direct the blast away from the nose intake.
Five flights were conducted at 41,000 feet with no stalls experienced
on any of these flights. The pilot reported that the path of the flash
during firing was noticed to be well to each side of the aircraft away
from tho intakc duct. As a result of these tests, North Afderlcau was
given the go-ahead to fabricate sufficient kits to take care of the
aircraft in FEF. Blast panels with the blast deflectors installed
were incorporated on three of the aircraft in FEAF. During the first
seven flights oto these aircraft, four compressor stalls 6ad one flame
out were experienced. The conditions of flight were at altitudes be-
tween 43,000 and 48.000 feet. A complete list of the flight conditions
during these flights is included in Inclosure 2.
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g. ilt was concluded as a result of the above mentioned

flights that none of the fixes as described above were successful
in eliminating the problems associated with the engine compressor
stall difficulty. At the completion of the test program in Korea,

*. '• it was concluded that the F-86F/T-160 installation was not suita-
ble for combat use due to this problem.

.. f hl The phenomenon associated with this problem, although
nrot fully understoode lis produced. throu•h efforts-to solve the
problem, an understanding which provides a good basis from which
to proceed with other eircraft installations scheduled to carry
this new weapon. j"

2 -.

• II.-

i.

V.-
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CORLESSOR STAL CO•)ITXONS

No. Type lAS
GA tiutude (jW _) fM TT TYPe Mission

I. 4 API & 46,000 175 99 - Cor•bat Man xI0 - Firing on
EIla Mig.

2. 4 37,000 20- 96 - Gombat Mtn $20 - Test fire
260 on return - lost.

3. 4 42,000 205 92 510 Cowbat #23 - Test fire on

return

4. 4 " 40,000 205 98 670 Gun Gas Test Man v24

5. 4 HEI 33,000 210 90 500 Gun Gas Test Man '25

6. 4 API G 45,500 225 94 625 Gun Gas Test Msn x36

7. 2 API 45,000 190 96 625 Gun Gas Test Man 83

8. 2 API & 41,000 .96 Full - Combat Man 106 - Firing
lI Mach Power on a Mig.

9. 2 45,000 220 " 690 Combat Man 9113 - Firing
on a Mig.

10. 4 37,0)0 210 92 510 Combater n $83 - Test fire
on return

"11. 4 47,000 150 Full - Combat Man 159 - FMing
Power on a ,Rig

12. 4 42,000 220 - Combat Man $173 - Firing
on a Mig.

13. 4 " 41,500 -- 90 520 Combat Man #265 - Test
fire on return.

14. 4 42,000 200 98 690 Combat Msn '275 - Test

•acvh fire on return.

15. 4 API 46,000 190 97.5 690 Deflector Msn

16. 4 48.000 190 97 690 "
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No. Type I.S
SAmmo Altitude Ikcts) R T Type ;,'Ission

17. 4 &PI 45,000 190 97.6 690 Deflector Nisn:EI

18. 4 43,000 190 97.6 690 ")

19. 4 42,000 190 97.5 690

20. 4 44,000 150 99 690 Combat sn S151 - Firing
on a Mig.

21, 4 HEI 47,000 190 97.5 690 Flame Out.

S~..
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APPEI•DIX I

SUGGESTElD

TRAMtiING SYLLAMS1

GMi ALTMOMATIC - 20 MA (T-160)

TIIE SCIEDILE

PHASE I I HOR

PH1ASE I1 24 HOURS

PHASE III 10 IlOUS

PHASE IV 28 HOURS

TOTAL 63 HOURS
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PHASE I

1. 3listory, doscription and principles of operation 30 Minutes

2. General Data 30 Minutes -.

Total I Hour

PHASE 11

1. Nomenclature 1 Hour

2. Dicassembly and assembly of gun 12 Hours

3. Function of parts 6 Hours

4. Preparation for firing and clearing gun 30 Minutes

5. Malfunctions and Stoppages I Hour -

6. Cleaning and lubrication 30 Minutes

7. Inspection and maintenance 1 Hour

8. Review and examination 2 Hours

Total 24 Houvi

PHASE IlI I

1. .rundamentals of olectricity 8 Hours

a. Review basic electricity

b. Transformers and rectifiers

c. Capacitors and resistors

d. Circuit breakers and relays

e. AC-DC Circuits

2. Trouble shooting electrical circuits 1 Hour
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* a. AC Circuits

b. DC Circuits

3. Review and examination I flour

Total 10 Hlours

PHASE IV

1. Ammunition: Description, Belting and Loading 1 Hour

2. Malfunction range 6 flours

3. Aircraft Installation I Hour

4. Practical work on flight line 6 flours

5. Harmonization 12 flours

6. General Discussion and review 1 Hour

7. Final Examination I Hour

Total 28 flours

The foregoing syllabus covering a sixty-three (63) hour course of
Instruction is a supplement to the formal course of instruction for
student weapons mechanics and on-the-job training for supervisors and

senior weapons mechanics.

This course is based on the simplicity of the gas operated, Ye-
velver type gun and the Introduction of an Ac-DC firing circuit in
the aircraft.

Special emphasis should be placed on a thorough course in electric-,
ity because most weapons mechanics are unable to trouble shoot tihe
armament electrical system in modern fighter type aircraft.

t The above listed syllabus was composed by personnel from ATRC
participating An the project team.
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APPENDIX J

AAL.YSIS OF GML VAL P1ILOT S[MIARY, REOT

1. The followIng analysis resalted from a study of the .)
Individual Pilot Summary Report (see Inclosure 1) submitted by
twenty-six of the thirty pilots who participated in the test
(these 26 pilot reports included as Inclosure 2). Written re-
ports were not submitted by four pilots because of transfers
to the ZI before the test was completed. These four pilots flew
only one mission each, consequently it was not felt necessi-y to
obtain written reports from then.

2. It must be noted that the experience level of all the pilots
participating in the test was high. as indicated in Part I of the
Individual Pilot Summary Report, when compared with present Air
Force StandaKda. 7his was considered necessary for two reasons:
First, to enable the pilot to intelligently compare this installa-
tion with other types he had flown; and second, to provide the
most experienced pilots in the event of a compressor stall while
firing this installation at high altitudes.

3. The following results were obtained from the Individual
Pilot Sunnary Reports.

a. Aircraft PerYormance

Three of the pilots reported no apparent penalty in
performance while flying the Gtw Val aircraft In comparison with
the .50 caliber Irstalletion in the F-86F. Twenty pilots stated
that there was a slight penalty in performance in the Gun Val
aircraft. Nine of the latter specifically pointed out that this
penalty was observed only at extreme altitudes. In addition, two
made no comment.

b. Length of Fire (,G Seconds)

Seven of the pilots considered this time of fire
acceptable for the present mission in "Mig Alley". Eighteen
of the pilots considered this length of fire unacceptable even
for this type of combat. Recommendations for increased time
of fire are as follows:

(1) Eleven pilots desired 6 to 8 seconds of fire.

(2) Nine pilots desired 9 to 10 seconds of fire.
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(3) One pilot desired 15 seconds of fire.

(4) Four pilots did not make any recomnendation.

c. 30 Depression of the Guns

Eiglht pilots found this installation desirable. Threei pilots found it undesirable, and eight pilots reconuended gun depres-
sion but believed that 30 may be in excess. Six pilots made no comineal
due to lack of knowledge of the theory behind the 30 gun depression.

d. Reauirement for Tracer Ammunition

The pilots were unanimous in their desire to have
tracer ammunition during combat.

e. Teeminal ,ffectiveness of the T-162 over 'he.50 Caliber

S-I
Twenty-three pilots found the 20 mm to be superior toI the .50 caliber Installation. Two pilots made no comment.

f. Number of Gunar (or an Aircraft Instaallation

Twenty-three pilots considered four guns an adequate
Installation for future aircraft. Fifteen pilots voiced their opinion
that no fewer then four guns should be in future installations. The
remainder of the pilots had no comnent relative to the number of guns.

g. Requirempnt for Selective Firing in a Four Gun Installation

Eighteen pilots desired a toggle switch arrangement to be
able to fire either two ox four guns. Five pilots found this undesirable,
and two pilots made no comment.

h. Alteration of Tactics-in the Present Air War In "Min Alley"

One pilot stated that a change in tactics was required.
Seventeen pilots stated that no change was required while flying this
Installation in the present air combat. Seven stated that minor
changes were necessary In this Installation In combat.

i. Requirement for Range Limiter

Eighteen pilots found this desirable. Four pilots foundL. it undesirable and three pilots made no comment.
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J. Reguiregent of In-Ran. Ilndiator

Nineteen pilots found this desirablet one pilot found
it undesirable and five pilots made no comment.

k. Reg irement for Siaht Reticle Camera IstUlsation of
the_ ZoomA Variety1

Twelve pilots fourd this desirable, nine pilots found
the installation acceptable. By the word "acceptable", the latter
pilots have realized the need for the sight reticle camera Installa-
tion, however, they believe that more engineering is required to
make the installation less objectionable from the standpoint of
visibility. One pilot found it unacceptablee and three pilots made
no com•ents

1. Reouprement for Lock-on Sgnsitivity control in the
Cockpit

Sixteen pilots found this desirable, one found it
* undesirable and seven made no comment.

m. Requirement for 20 mm *a.non in Future Fighter Aircraft

(The pilot was given an opportunity to express himself
on future installations relative to all types of targets.)

Twenty-two pilots desire 20 =m armament for future air-.
craft. One pilot objected to the increased weight necessitated by
the 20 = armament, and two pilots qualified their statements to
include only against bomber targets as a requirement for 20 mm.
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GUN VAL PILOT SLJIARY REPORT

PART I - General Pilot Background

A. Date

B B. Pilet's name and rank

C. Date of Pilot Rating

D. Total Flying Time

E, Total Fighter Time

F. Combat hours World War II

1. Request total and in addition general breakdown of type
of missions, such as counter air, interdiction, escort,
etc.

G. Combat hours Korean Theater

1. Fighter Domber

"2. Counter Air

H. Claims

1. ;World War II

2. Korean Theater

I. Remarks (Experience as Armament Officer, Gunnery Officer, etc.)

Part II - Gun Val Combat Mcperience

A. Total Missions

B. Number of engagements

C. Number of firing passes on enemy airccrft

C• D. Claims
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Phil III - Pilot's Comments (To be answered in narrative form)

A. Aircraft Performance

Is there a penalty in performance on the Gun Val aircraft
as compared to a normal F-36 with the .30 caliber installa-
tion (climb, speed, ceiling, maneuverability, deceleration • .
during gun firO)Y

3. Length of Fire

In your opinion is the present, installation with four and
one half seconds of fire adequate for the type of combat
experienced during this test? If not, please make a coment
on the desired length of fire for future installations.

C. Tracerm

Please make a comment as to the desirability of having a
tracer round for this weapon.

D. Gun Depression

Do you find the 3° depression of the guns desirable or un-
desirable? Why?

E. Terminal Effectiveness

Based on your own hits or others you have seen, make a
comparison of the effect of hits with the 20 - installa-
tion as compared with .50 caliber hits observed in past
experience.

F. Number of Guns

1. In your opinion is the present installation of four
guns adequate? Would fewer guns with more ammunition
be more dmairabie?

2. Would you desire a selector switch in a four gun in-
stallation to allow you to fire two or four guns?

G. Tactics

In your opinion does this installation (i.e., shorter time
of flight, HEI round, higher cyclic rate, four and one half
seconds of fire, discharging spent cases, aircraft decelera-
tion at time of fire and the 30 depression of the guns) alter
the tactics now being used by standard F-86F's?
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If* Range Limiter

1. Do you find the range limiterwhlch stabillzes the
sight at long ranges, a desirable feature on these
aircraft?

2. Do you find the in-range indicator portion of the

range limiter a desirable feature?

I. Sight Reticle Camera Installation

Did you experience any difficulty in visibility or tracking
with the Gun Val camera installation on the sight?

J. Lock-on Sensitivity Control

Was the lock-on sensitivity control used during this mission?

K . Additional Comments

L. In view of above comwents, how do you feel about the de-
sirability of the 20 mm in future fighter InstallationsV
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LIST OF PILOTS qW S U3MT•.D WIITf. G.UN VA 9-IN!RY .P0oRS

1. Major Wendell D. Brady 15. Lt. Col. J. R. dest

2. Major Hteymond E. Evans 16. Captain Vincent E, Stacy

3. Captain Manuel J. Fernandez 17. Captain Clyde A. Curtin

4. Major Vermont Garrison 18. Captain Houston N. Tuel

5. Colonel James K. Johnson 19. Captain R. T. D.ewy

6. Captain Lonnie R. Moore 20. LU. Col. Philip E. Joyal

7. Lt. Col. Carroll B. McElroy 21. Captain William H. Champion

8. Major James Jabara 22. Captain Peter J. Fredricks

9. Lt. Col. Donald L. Rodewald 23. C.ptain Robert A. Windoffer

10. Lt. Col. Clayton L. Peterson 24. Captain Murray A. Winslow

11. Major Jack E. Mass 25. Colonel George L. Jones

12. Captain David T. Davidson 26. Colonel Royal N. Baker - Sum-
mary Report not received

13. Major Foster L. Smith nor included with enaly-
siS.

14. Lt. Cal. Frank J. Keller

)
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GUN~ VAL PILOT SUMMARY REPORT~

PART I - General Pilot Background,

"A. 23 April 1953

4B. Major Wendell D. Brady

C. Date of PMlot rating: 4 January 1943

D. Total Flying Time: Approximately 2700 hours.

E. Total Fighter Time: Approximately 1500 to 1600 hours.

F. World War II Combat hours: 189 hours.

1. Fifteen nissions were bomber escort and the majority
of the re•# weore counter air and interdiction, such
as armed reconnaissance and specific counter air targets.

G. Combat hours in Korea: 43 combat missions, all of which
have been some form of counter air, such as iW escort,
fighter bomber escort and otrictly combat air patrol.

H . Claims:

1. World War II: One ME-109 destroyed.

2. Korean Theater: None, as yet.

I. In World War II 1 was Squadron Gunnery Officer for the
513th Fighter Bomber Squadron, and since that time I
have taught ground school for approximately one year in j.
the USAF Gunnery school. I was the Operations Officer
for the USAF Gunnery school for approximately one year

r and commanded a squadron in the Combat Crew Training
Progrem at Nellis AFB, Nevada.

PART II - Gun Val Combat Experience

A. A total of six missions.

B. Five engagements.

C. One firing pass was made on enemy aircraft.

D. No claims.
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PART III Pilot's Comments

A. The penalty i'n aircraft performance on the Gun Val Installa-
tion with respect to clitmb speed, ceiling, maneuverability,
etc., is no greater than found in two standard .50 caliber
installations with the exception that there is quite a bit
of deceleration during gun fire due to the heavier caliber
of guns.

B Tn my opiniong the length of fire In the present Installe-
tion of 4YA seconds is not adequate for 'the type of combat
in which we are now engaged. The need for conserving your
fire and possibly missing kills because of the necessity of
this conservation are my reasons for desiring more duration
of fire. For my own benefit, I would like to see approxi-
mately 9 seconds of fire as I think that amount would be
adequate under the present circumstances. I do not feel
that a full 17 or 18 seconds of fire is necessary.

C. In regards to tracer ainunition, I believe there is a real
need for the development of a tracer round for this installa-
tion, if it is accepted as a standard item on a standard
fighter, My reasons for this comment are my own personal
opinions. There are so many compromises In our gun fire
control systems that it is almost. impossible to find a
condition in combat that will give you the accuracy necessary
for a sure kill on the opening burst. The pilot has to add
correction to compensate for the compromises when he is not
firing under conditions upon which the sight is based.
There are so many variables that the control system would
have.to be enormous to take them all Into consideration,
and until such time as they can manufacture a fire control
system that can take into consideration all factors. a
tracer is definitely needed.

D. I find a gun depression is desirable for my own personal
firing in the F-66 because of the flight characteristics
of the aircraft. I do not like the full 30 gun depression
as well as I would like something approximately half of
that, the reason being that the guns can be harmonized
with the sight at an air speed at which a ground target
can be attacked with reasonable accurate fire without
causing a definite spiral course (over or under) as you
approach the target.

E. In regards to terminal effectiveness, I have seen only one
kill with the Gun Val installation, and in this instance I
believe that 62 rounds per gun were the total rounds expended

Appendix J - Page 9
Inclosure 82 - Page 3

187



for the kill. It is my personal opinion that a full two-
thirds of that fire power was wasted. It is much more
effective for the same length of bursts then the six ,50
caliber installation.

F. The number of guns seem entirely adequate in my opinion.
I would not like to .see the number of guns reduced Just
for more amnunition. It would be much more desirable to
keep the four gun installation with a selection system
for the pilot to select either two or four guns.

Go All In all, !-de not believe that the tactics had to be
altered for use of Gun Val eircraft in the present combat
situation. The Gun Val aircraft fit into the organization
to which they were assigned, and the only consideration
that had to be given them is the fact that they out-perform
a large number of the aircraft organic to the squadron due

* to the extended leading edges. I would say this was to the
advantage of Gun Val.

H. As to the range limiter on the Gun Val aircraft, I find
that I can use it very effectively; however, I do not
think it is necessary In that the sight can be stabilized
by a mere movement of one finger, without a range limiter.
As long as the range limiter is installed, It is my opinion
that the in-range indicator portion will have to be a part
of the installation to prevent the pilot from having to
outguess the sight which would in effect be worse than
having a fixed sight.

I. The sight reticle camera installation Is very good. I did
not experience any difficulty in tracking a target with
this installation and the gun sight reticle superimposed
on the gun camera film can be used to advantage in assessing
a pilot's coiwbat fill for swooth trackiug asd deterialwiag
when a sight is out of calibration.

J. I found the lock-on sensitivity control a big iwmrpvement
on the sight, in that minor adjustments of the sensitivity
of the radar could be accomplished by the pilot after he
had taken off. In the event that it is not installed,
these malfunctiont will cause the pilot to revert to the
manual range function of the sight when all Is needed Is a
very minor adjustment on the radar. I believe that it has

F saved a lot of malfmctions of the radar system of the
sight and it is well worth the weight spent in installing
this in the gun fire control system.
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K. The following remarks are opinions that I have formed over
the past four years of working very close to the fighter
game. It is my opinion that the fighter has to go to a
heavy armament if he expects to knock down an airplane such
as a B-36 or an atom bomb carrier, If not this 20 mine some
acceptable weapon that has the capabilities of knocking
down an aircraft with. a relatively few number of hits for
the totas time of fire. As speeds increase the pilot's
aim wander Increases which enables him to get fewer hits
for a given size of target. I do not believe that fighter
armament should be determined by what would be best for
this particular situation in Korea. I say this because I
believe the present six .50 caliber installation is entirely
adequate to shoot down Rigs where I do not think it Is
adequate to shoot down something like a IL-2e or even a
TU-2. I think the concept of the use of air power has to
be taken into conaideration when you determine the armament
for a fighter. If you are never going to be called on to
shoot at an aircraft any larger then a Mig, then I do not
believe that a gun heavier then the .50 caliber 1: nacoasary.
If you are going to be called on to stop a heavier aircraft,
I definitely believe that heavier armanent is needed. It
has to be heavy enough so that you can expect to shoot the
target down In one firing pass. In other wordst I want a
heavier punch, but I want more than one punch. ( I don't
want rockets until 1 can get a lot of rockets that are not
fin stabilized that give such large launching factors,
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GI:GM VAL PILOT S3AY REPORT

PART I - General Pilot Bmckg,-ound

A. 2 May 1953.

B. Major Raymond E. Evens.

C, Date of Pilot rating: 21 April 1943.

Do Total Flying Time: 2463 ho~rs.

E. Total Fighter Time: 1600 hours.

F. Combat hours World War I1: 440 hours, An estimated 0 of
this was ground support, 10% counter air and 10% escort.

G. Combat hours Korean Theaters

1. Fighter bomber: 7 missions - approximately 15 hours.

•4 2. Counter -ir: 41 missions - approximately 70 hours.

H. Claims:

1. World War 11 - One Japanese Nick destroyed.

2. Korean Theater - Two Mig-1S type aircraft destroyed,
one damaged.

I. Experience In the arnament field has been as test officer
on the A-I gun sight for approximately one year and gunnery
experience In testing F-86. F-84 and F-80 type aircraft
wh110 toot offl©er at AC. Project Officer, G= Val Project.

PART IX - Gun Val Combat Experience
A. A total of 38 missions were flown.

B. Fifteen en•my engagementse

C. Five firing passes on enemy aircraft.

9. Two Pig-15 type aircraft doatroyeds one dsamaed.

PART III - Pilot's Comments

A. I found two areas of aircraft performance which, in my
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opinion. were affected by the armament installation. These
aircraft were flown on a few iMsasons with other E-.6F's
with the .50 caliber installatione, ant! sy observations were
that the difference in climb, speed and maneuverability were
not noticeable. However, I do believe that there is perhaps
some price paid in absolute ceiling of the aircraft. This
penalty perhaps is no more than would be foecnd in 2 or 3 pro-
duction aircraft with 10 to 20 degrees difference in tail
pipe temperature. The deceleration while firing the guns
was noticeably much greater with the :0 mm than with the .50
caliber.

B. I do not feel that 41 seconds of ammunition is adequate for
the type combat experienced during this test nor will it be
sufficient for use when the target is a bomber or in the air-
to-ground role. I feel that 6 to 8 seconds of ammunition
would be adequate and much more desirable. I make this stace-
went because of the inherent inaccuracies in our fire control
system which does not allow us the accuracy of each round
hitting the target.

C. I feel that there is a requirement for tracer ammunition to
be used In the type combat experienced in Korea. For long
range firing where the target can be tracked for several
seconds, I would not care for the use of tracers. However,
there are many times durin•g combat that the pilot only has
a fleeting moment to fire, and I feel that tracers in this
case may improve his effectiveness by his ability to rapidly
ascertain whether he is on the target or slightly above,
slightly below or slightly to one side.

D. I found the 30 gun depression desirable for the type of combat
encountered. However, this Is not meant to say that the 30
depression of the guns woulJ be optimum for other conditiuo•
of combat. The 3' depression of the gun is desirable in this
case, since the angle of attack of the aircraft at altitudes
of 40.000 feet and above is roughly in the vicinity of 30.
Perhaps in other aircraft 30 would not be the optimum gun
depression. I firmly believe that a depression of the guns
away from the flight reference line is a desirable feature.

E. The destructive capabilities of the 20 nm ammunition was
many times greater than would be expected from the .50 caliber.
Since most of the firing was at relatively high altitudes,
above 40,00 feet, and with the present state of the gun
camera capabilities, it was not possible to accurately assess
damage to enemy aircraft with each hitting round. However,
it is quite obvious that much more damage was being inflicted
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Swith each round that hit the enemy target. Whie conducting

the air-to-ground phase of this program against trucks and a
tank and being able to assess the damage after the miasion,
I was quite impressed by the effectiveness of the ME mmuni-
tion against trucks.p1

F. I feel that the present number of four guns is adequate far
future fighter aircraft. I do not feel that a fewer amber
of guns would be as desirable since this would reduce the
density, i.e. installation cyclic rate, to a point where the
hit probability muld be reduced below an acceptoble nuher.

SG. In my opinion the high cyclic rate of the gun, shorter time
"of flight, discharging of spent cases have made no notice-
able changes in tactics in utilization of the aircraft. How-
ever, the shorter duration of fire, 4j seconds, and the fact
that the aircraft definitely decelerates much more at time
of fire does require the pilot to be ever conscious of attempt-
ing to get to a very close range before firing, This conditlen
is accentuated by the lack of positive closure at high alti-
tudes when flying against the Mig. I feel that the 30 depression
of the guns has been an improvement in this case in that it
does allow a reduction in the requirement for velocity jump
"since the guns are more nearly along the flight path. This
30 depression of the guns would seem optimum for the extreme
high altitudo conditions experienced here in the Korean situa.
tion. Howevwr, for a different aircraft a more suitable
depression of the guns might be found, i.e. 20 or Zo. I m
firmly convinced that guns depressed from the flight path
line is a desirable feature due to the frequent inability of
the sight to provide the correct velocity jump.

H. I feel that the range limiter is a great asset to the A-4
fize control system. The increase in stability is quite
noticeable when tracking at longer ranges. however. in most
attacks, since the rate of closure Is very small some of the
advantages of this increased stability cannot be realized. I
find the in-range Indicator portion of the range limiter a
very desirable feature.

I. I feel that the sight Keticle camera installation which we
lied in the Gun Val aircraft was very desirable. The original
installation which had an erector head that was 11i inches in
width did detract somewhat from the visibility of the pilot.

9 However, when the new Zopmar erector heads were installed
this annoyance was reduced greatly. I feel there is a definite
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requirement that all fighter aircraft have a suitable method
for recording the reticle image to be used in analysis of
determining the actual conditions of flight when firing at
enemy aircraft. T1hn becomes extremely important if we are
to find a suitable method of assessing out effectiveness.

J. I found the lock-on sensitivity control quite desirable. I
feel that it affords the pilot a method of peaking his radar
after he has become airborne and since the conditions under
most flights that these aircraft were subjected to was at al-
titudes above 40,000 feete this became quite importaslt.

K. I feel that the most important characteristics about this new
20 = weapon is its high cyclic rate of fire. By firing
6,000 rounds a minute from the Installation we have a sufficient
density to allow us a high hit probability which I feel more
than compensates for the added weight of the installation. I
feel that a selector switch in a four gun installation would
not be advIsable since oftentimes the pilot would be selecting
two guns and in the urgency of the situation would forget to
change to his four guns.

L. Although the 20 mm installation in the Gun Val aircraft has
some definite disadvantages, I feel the most important assets
are the high cyclic rate which will enhance the pilot's -
probability of hitting, and the destructive capabilities of
the 20 -m HE round. I feel that the T-160 gun will provide
us with a more effective armament system In our future fighters.
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GUN VAL PILOT SNMWRY WMROTr

PAST I - General Pilot Background

A. 27 April 1953

B. Captain M~anuel J. Fernandez

C. Date of Pilot Rating: 29 November 1944

D. Total Flying Time: 39200 hoku-

19. Total Fighter Time: 1700 hours. 1200 hours In Jet, 700
in F-66's. All gunnery or combat.

* F. No World Nor II combat.

SG. Combat hours KoI.ea:

1. No fighter bomber aisslons.

2. 160 combat hours in counter air.
t B. Claims

1. World War II - None

2. Korean Theater - 11 Rigs destroyed; 2 damaged

I. Armament Officer at USAF gunnery school at Nellis AFB*
Nevada@ for a period of four months. Gimnery Officer

* for seven months here in the 334th Fighter-Interceptor
Squadron. I was an F-86 Gunner Instructor at the USAF
gunnery school at Nellis .FBg Nevada for two years in
a flying capacity.

PAU II - Gun Val combat experience.

A. Total MIssions: 3
I

B, Nufiier of Engagements: 1

C. Number of Firing Passes on enemy aircraft: 1

D. Claims: 0

PART III -Pilot's Comments
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A. In reference to perforauance of the Gun Val aircraft as
compared with the normal F-861 it was noticed that there
is a slight loss in rate of climb, slightly lower than
the normal F-66.

B. It is believed that the time of fire is adequate for this
theater. Would desire approximately 15 seconds time of
fire for sustaAned combat. ( )

C. Tracers would be desirablo.

D. I believe that there is too much gun depression for low
altitude, high speed work,,

E. I have not observed any hits with the 20 mm# other than
film assessment.

F. I believe that four guns are adequate and do not desire a
selector switch as I personally desire a heavy concentra-
tion of fire.

G. The installation in the Gun Val aircraft does not change
the tactics In this theater; however, there Is more decelera-
tion in the Gun Val aircraft when firing than there is in
the normal F-86.

H. The range limiter, I believe, is a fine installation for
pilots with a small amount of experience or newly co•missioned
pilots, and the in-range portion of the range limiter aids
the newer pilots in determining their ranges.

I. The sight reticle camera installation afforded no great
difficulty in visibility'in tracking with the camera in-
stallation on the sight.

J. I did not use the lock-on sensitivity control during my missions.

K. It is the belief of this individual that the 20 nm aircraft
is a highly desirable feature to be used in future fighter
installations due to the aircraft being stressed for higher
speed and being built stronger for subsonic and supersonic
work.
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GUN V&' PILOT SMktY RMPORT

PAMT I - General Pilot Background

A. 21 April 1953

B. Major Vermont Garrison

. C. Date of Pilot Rating: October 1941

0. Total Flying Time: 3,000 hours.

E. Total Fighter Tim:e 2800 hours.

F. World Ihr II experience consisted of 250 hours, of which
89 missions were flowa. 60% of the missions were escort
missions and 40% of the misslons were fighter sweeps.SOccasional ground stal- - -• a oaetduonrtr ri

•. the above missions.

t G. Korean Combat Nours:

S~1. No fighter bomber hours.

2. 58 missions - 65 cooket hours.

H. Claims:

1. World War I - 11 aircraft destroyed, approximately 8
or 10 loco.motlves destroyed and numerous air fields
strafed.

2. Korean Claims: 3 Migs destroyed, 2 probably destroyed
sand two damaged.

I. I have been a gunnery officer for 10 years, a gunnery in-
structor and worked in research and development section
for gunnery at Nellis Air Force Base for one year.

PART II - Gun Val Combat Experience

A. Number of Missions: Ten

B. Number of Engagements: Four

C. Number of firing passes at enemy aircraft: Two

D. Claims: One Miq destroyed, one probably destroyed.
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PARTITs- Pilot's Comments

A. I have flown various types of fighters. I have about 700
hours in F-86's. about 700 hours in F-80's and around 50
to 100 hours In F-84's. I have approximatoly 500 hours in
P-51's. about 500 hours in P-47Ts, around 150 hours in
Hurricane fighters and about 50 hours in Spitfires. $, .

I believe that we pay a penalty in performance on the Gun
Val aircraft as compared to the F-86 Installed with the
,50 caliber. The climb Is slightly less, the top speed
is probably very close, the ceiling and maneuverability
is a little less in the Gun Val aircraft and the decelera-
tion during firing is noticeable as to be greater over the
.50 caliber installation. However, firing the two types
of aircraft side by side, this is not too noticeable.

B. In my opinion, the present installation with Oj seconds of
fire is not adequate for the type of coebat that =o are
experiencing at the present; however, as to the desired
length, I feel that somewhere around 6 to 0 seconds would
be adequate.

C. I also feel that tracers would be very desirable in this
weapon due to the fact that we have Inaccuracies ir the
gun sight, which I feel make tracers necessary.

D. I feel that the 3 degrees depression of the guns is de-
,irable. For one reason, during ground support, I feel
that as against the .50 caliber harmonization it allows
a pilot to fire closer to the target and does not fly the
so-called pursuit curve on the ground that the old harmoniza-
tion of the .50 caliber*does. As to the desirability of
the 3 degrees depression of the guns in aerial combat, I
feel that it is equally as good as the .50 caliber harmoniza-
tion and, in some cases, I think it is better.

E. In comparing the effectiveness of the 20 mm to the .50
caliber hits, in my opinion, there is no comparison at
all, because I feel that the 20 mm is much more effective
at any range and that you are able to hit the enemy air-
craft.

F. In comparing the number of guns with the present installa-
tion of the .50 calibers, I feel that the four T-160 guns
are adequate, and I personally would not like to have fewer
guns. I would like more ammunition. I feel that if we cut
down on the number of guns* we are cutting down considerably
on the hit probability, and I feel that this is not desirable.
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" However, I would desire a selector switch personally due
to the fact that there are probably going to be times when
the pilot may feel that two guns would be adequate end
having a selector switch will allow him to double his
length of sustained fire If he so desires,

G, I do not feel that this Installation alters the tactics
being used by standard P.86's in any material way. Due

* •to the short length of fire@ however, I think it probably
has the tendency to cause most of the pilots o be a little
more conaservative in their expeTdituro of r-uunltlon. One
thing that I think should be mentioned at this time and that
is the fact that we have a possibility of a compressor
stall at high altitudes while firing four guns. Of course,
this is very undesirable and will have to be remedied by
different Insteallation in the aircraft. The short time
of flight of the T-160, the HEI round, the higher cyclic
rate are very desirable. The 4vi seconds of fire, I think
Is a little too short. 1 feel that 6 to 8 seconds would
be more adequate. As to the discharging of spent cases,
I do not feel that this materially affects the tactics
in any way. because in general the wing man is never fly-
Ing directly behind the aircraft that Is firing.

If. I feel that the range limiter is a desirable feature. The
in-range indicator portion of the range limitez in my
opinion As also a desirable feature. It gives a very
positive indication of the range, and ii many cases I
think it will help many pilots.

I, I feel that the sight reticle camera Installation is
desirable and after the modification I did not experience
any difficulty in tracking with the Gun Val installation;
however, the installation previous to the one now In, use,
in my opinion, was not desirable because it obstructed
the pilot's vision.

J. The look-on sensitivity control I feel is very desirable
because it allows the pilot to have his radar operating
properly and have some control over it in the cockpit,
which he would not have without the lock-on sensitivity

' control.

K. I would like to add a few remarks here on the fact. that
I believe that.many damaged aircraft that we have had
using the .50 caliber installation would probably have
turned into probables or kills using the 20 m- in the
T-160 guns. This appears obvious to me in the few number
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of hits it takes to knock down an enemy fighter in comparison
to the number of .50 caliber hits.

L. I feel that it is very desirable to have the 20 n T-160 guns
in future fighter installations, not a8 they stand right now,
but with the necessary modifications. I feel that we should
have a better mount on the guns which I think can be done and
I do believe that we need tracers, and I also believe we need
longer sustained fire. I feel that in most of the cases we
would be able to sacrifice the small bit of performance that
the extra weight will carry to guarantee more assurance of a
kill.
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G134 VAL PILOT SUW.IARY REPORT

PART I - General Pilot Background
t

A. I May 1953

B. Colonel James K. Johnson

C. Date of Pilot Rating: 30 August 1940. I have been on flying
status ever since.

D. Total Flying Time: 3130 hours.

E. Total Fighter Time: 2000 hours.

F. Combat Hours World War II 230 hours in P-47's.

1. A general breakdown of this 230 combat hours consisted
of 92 missions of which approximately 60% were interdic-tionsM., escot and 2x counter air.

G, Korean Combat Hours: 101 hours which is approximately 68
missions. All of these have been counter air,

H. Claims:

1. World War II: One F'W-109 confirmed kill.

2. Korean Theater: 73 kills, 3 probables and eight damaged.
These are all confirmed with the exception of one damage.

I. My experience in the armament and gunnery field consists of a
general knowledge that a normal commander would have of a group
or wing.

PART II - Gun Val Combat Experihnce

A. Total Missions: Two.

B. Number of Engagements: One.

C. Number of firing bursts on enemy hircraft: Three. These
three bursts expended my azwualt1oa.

4 D. Claims: One Mig-415 type aircraft damaged.

PART III - Pilot's Comments

A. I believe the Gun Val aircraft is slightly more sluggish,
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meaning that the turning radius Is slightly more. sp'ed is
slightly less, the coiling is less and I think when firing
the T-160 guns that you, of course, do get more decelera-
tion than with the .50 calibers. I think the main penalty
that you pay with the Gun Val installation is the additional
weight. I believe your optimum oltitude is slightly lower
than with other F-06's. and I think the turning radius is
more.

B. The desired length of fire for our future aircraft is a
most difficult question to answer. I would say, generally
opeoking, for a day fighter arouud 9 seconds would be the
minimum that I would vettle for. I would not settle for
any less because of the basic inherent Inaccuracies of the
sight.

C. I think very definitely that the T-160 gun should have tracer
type ammunition.

D. I think the 3 degree depression of the Gun Val aircraft Is
desirable because it fs more in line with the flight path
at high altitudes.

E. In regard to the terminal effectiveness of the T-1609 I do
not think there Is any doubt that It is more destructive.
However, In my own personal observations, I've only seen one
hit.

F. No coment.

G. I do not believe the Gun Val Installation would have any
appreciable effect on tactics; however, I do believe that
at 46,000 feet the Gun Val aircraft is not quite as fast
as the 6 X 3 leading edge F-86F with .50 calibers. I be-
lieve the turning radius would be nore.

:1. In esgard to the range limiter, I find it a very desirable
piece of equipment or modification and should be incorporated
on all day fighter interceptors. I find that the In-range
Indicator portion ol the range limiter is also a very de-
sirable feature. j

I. I was not too much In favor ef the original zight retcle
camera Installed on the Gun Val aircraft because of the
width of the erector head. I bellevq this width was 16". )
This 11" I found did have an appreciable restriction on
my forward view. With the recent installation of the 5/8"
erector head, I find it desirable, and I recommend that it
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be installed irc all of oar F-86's.

J. I think that the lock-on sensitivity control In the cockpit
Is a desirable feature in that it does give the pilot another
control that he can adjust in the air. In my own easeg I
adjusted the sensitivity control at several altitudes, generally
speaking around 10,000 or 12,030 feet and again at 20,000 and

k then at 30000 and then at my maximum altitude which is generally
45.000 or 46,000 feet.

K. No comment.

L. For future day fighter aircraft, I think the Gun Val Installa-
tion Is a step backwards. I believe for the future fighter
aircraft, we should stress a light weight, high performance,
high altitude fighter. Comsequently, I don't think that we
should have more guns Installed in our aircraft. I believe
we should settle for four .50 calibers.

I U

i
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GUN VAL PILOT StMIMARY REPORT

PART I - General Pilot Background

A. 30 April 1953

B. Captain Lonnle R. Moore

C. Date of Pilot Reting: 15 April 1944 (")

D. Total Flying Timee: 2630 hours

E. Total Fighter Time: 1235 hours

F. Combat hours World War II: 170 hours

1. 54 missions in the E,1.0. in B-26 type aircraft.

G. Combat hours Korea: 80 hours

1. 53 missions flown as interceptor sweeps.
11, Claims: i!

1. World War II: None

2. Korean Theater: 1!j destroyed, I probably destroyed.

I. While with the 14th Fighter Group, I had additional duties as
squadron armament officer for a period of approximately 6
months. As test officer at Eglin Air Force Base, I was test
officer on the A-I CM gun sight in the F-06A type aircraft
and test officer on the A-4 gun sight in the F-86E type air-
craft. In addition to'these two tests, other experience was
from the two type gun sights on other tests when the gun
sights were used on rocket and bomb functions.

PART IT - Gun Val Combat Experience

A. Total Missions: "0

B. Number of Engagements: 19

C. Number of Firing Passes on Enemy Aircraft: 9

D. Claims: I'l destroyed, I probably, and 1 damaged

PART III - Pilot's Con 1..ents

A. There may be some penalty In performance In the Gun Val
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aircraft as compared to the normal F-86 with the .50 caliber
installation as to climb, speed, ceiling, maneuverability,
etc., but it was not too noticeable. It is y, belief that
this differenne In weight and peeformanco can be faund if
two production line F-869s were checked against each other.
There is a greater deceleration during the firing of the
T-160 guns while in flight than there is In the .50 caliber
guns.

B. It Is my (tpinion that 4C seconds of fire Is not adequate
in the type of combat experience on this test. Although
It would be undesirable to add additional length of fire
by putting more ammunition in the present installation as
the extra weight would not make It desirable. The pilot
should have enough aminunition in =W)at to enable him not
to be too conservative with the ammunition so that he can
waste some and still have enough to destroy the target.
It is my belief that 6 to 8 seconds of firo would be
adequate.

C. Ia this type of warfare, traaers are very desirable. Tracer
ammunition should be made for future use In the T-160 guns.

* D. The 30 depression of the guns Is desirable on this Install&-
tion. It is my belief that pilots flying Gun Val aircraft
were not subject to as muc!, jet wash from enemy aircraft as
pilots flying aircraft with .50 ca)iber installation, while
flying in trail and shootiaj at a Big.

E. The 20 mm ammunition is much more destructive than the .50
caliber especially the 20 mm with HE amnunition. This opinion
is based on comparing both Gun Val film and film from .50
caliber Installations.

F. Four guns seem to be adequate P•r 20 mm, as this gives
enough fire power so that a reasona•,]e amount of hits can
be obtained on a given target. A selector switch to select

2 or 4 guns to fire is not necessary if the lengthi of fire
is increased to 6 to 8 seconds.

G. No change in tactics is necessary with the T-160 gun in-
stallation over what the present .50 caliber F..6's are

i now using.

Vt H. The range ltiier is definitely desi.:able as part of theS~fire control system as it lessons the sensitivity of the

sight reticle, thereby making it easier to track the enemy
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aircraft al, extreme ranges and indicates to the pilot when
he is in the proper rang2e to fire. The in-range indicator
portion of the range lituiter is necessary and is a very
desirable feature in that an indication is shown to the
pilot when he has 'is selected roulge so that he will know
his sight is cw~nputintj propoelyt and is giving him a true
indication of his range.

I. The Zoomar sight reticle cawera extension does not hi;ader
the pilot in tracking whats)ever. After a few missions
using this type of camera installations the erector head
is no longer noticeable.

J. Almost on every mission the lock-on sensitivity control
was used to increase the sensitivity of the radar so that
a lock-on was obtained to nols,? and then the sensitivity
was decreased until the lock-on light would go out. This
is a very desirable featqre in that the pilot is able to
have some control of the sensitivity of the radar set
during flight.

K. It is my belief that the Air Force needs 20 mm cannons in
all future fighter installations rather than .50 caliber
machine guns, It is my belief that a bomber would be more
easily destroyed with 20 mm than wich a smaller gun.
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GUN VJL PILOT SUMMARY REPORT

PART I - General Pilot Background

A. 22 April 1953

B. Lt. Col. .- 4croll B. McElroy

SC. Date of Pilot Rating: 23 November 1943

D. Total Flying Time: 1550 hours

E, Total Fighter TJE.t: 725 hours

F. Combat hours in World War II: 47 hours

f 1. 8 missions on escort and one dive bomber mission aud 4
SOn a bweep.

G. Korean Air War: 180 counter air in F-86 type aircraf.t

H. World War II Claims: None.

1. Korean: 2 Migs destroyed, I probably destroyed and one
damaged.

I. No experience as gunnery or armament officer.

PART II - Gun Val Combat Experience

A. Total missions: 8

B. Number of Engagements: 2

C, Number of Firing passes on enemy aircraft: 0

D. Claims: 0

PART III - Pilot's Comments

A. I feel that theze is nIo penialty imposed on the performance
on the Gun Val aircraCt as compared to the normal F-86
with .53 caliber with the exception of the deceleration
during firing. I feel that if you were just within range
and started firing it would drop you back out of mange.
I did not experience this durin.j my test so I do not know
how valid the assumption is.
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B. In my opinion, the present installation with gi seconds of
fire is not adequate for this type of combat and the type
missions experienced during this test. I would like to
have a little bit more. I believe a minimum of 6 seconds
of fire would be desirable.

C. As regards to traners, I think it would be desirable to
have tracers In this weapon. Tracers are needed because
the sight itself when working perfectly has certain errors;
the boreuighting way take out these errors or add addi-
tional errors. I feel that with tracers you can ascertain
to a better degree how much of an error you have, and
therefore allow for it. Also, if the sight were to go
out you could fire using tracers if you are within a
very close range.

D. On the 30 depression of the gunsv having never fired at an
eniy aircraft, I do not knon how valtable ry assu-ptian Isq
but I feel that with the 30 gun depression that you will
have the advantage of not having to turn the square corner
when you are tracking and coming in close. I also feel
that in certain instances it would keep you out of the
jet wash of the enemy aircrafL.

I. On the terminal effectiveness of the 20 m installation
I think there is no comparison at all between the two.
In the hits I have seen made by the 20 =, they completely
destroyed the target. I feel that if we had gotten the
hits that you sometimes see in the .50 caliber film with
a 20 m weapon out probables or damages would be destroyed.

F. I feel that the present installation of four guns is adeq,4ate,
aud I do not think that fewer guns with more amunition
would be desirable. I do think the selector switch for
four guns is a good idea. I feel that the switch should
be located so that you could switch from two to four and
four to two without moving your hand from the throttle.

G. As regards to the tactics with the 20 mu, I don't. feel that
there is any difference in the tactics, and I feel that the
short time of fire and the deceleration to a disadvantage;
however, by firinig short bursts the deceleration would not
be as noticeable as if you were to continue firing long
bursts.

H. The range limiter is very desirable in that it stabilizes
the sight at long ranges, and I think it is a desirable
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feature in all fighter aircraft. I find that the An-range
indicator portiow of the range limiter is also very de-
sirable.

1. The sight reticle camera installation couses no difficulty
in tracking. For the first few missions it appeared to be
in your way: T tiJnk you could get accustomed to It very
easily.

J. The lock-on sensitivity control was used on these missions*
and I think it Is desivable in that you have it in the cock-
pit so that you can adjust it in flight and get the best

*1 use of it.

K. I am very much In favor of the 20 -m in future fighter In-
stallations. I think if they do find a fix for the prblem
encountered it will be the answer to our fighter aircraft

.1
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GUN VAL PILOT SUtURY RV0RT

PAWT I - General Pilot Background

A. 28 April 1953 (

B. Major James Jabara

C. Date of Pilot Roting: 1 October 1943

U. Total Flying Time: 2750 hours

E. Total Fighter Time: 1750 hours

F. Combat hours World War IT: 415 hours

Fighter bower, escort and counter air.

G. Combat hours Korea: Couinter air 175 hours

H. Claims:

1. Vorld War II: 9v airplanes destroyed

2. Korea: 6 Rig-15 type aircraft destroyed.

PART Ii - Gun Val Combat experience

A. Total Missions: 6

B. Nmber of Engagements: 4

C. Number of Firing passes on ene:.y Aircraft: 1

D. Claims: 0

PART I I- Pilot's Comments.

A. The aircraft appears to me to be a little more sluggish
and does not have the performance the other F-86 aircraft
equipped with the .50 caliber Installation, especially at
high fuel loadings and high altitudes, However, at the
lower altitudes, perforinaace appeared about the same. Max-
imurl performance Ist of course, highly desired and critical at
the higher altitudes. But the difference is slight.
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B. I think the present 4Oj seconds of fire is the bare minimum
Y with this typo nrmzme.t. I would personally like to see

about 8 seconds of firing time available to the pilot;
however, this 8 seconds of firing time must be compromised
with any loss in aircraft performance due to the additioual
weight 8 seconds of firing time would add to an airplane.

C. I would like very much to have a tracer round on this equip-
meat as it gives me some Idea whether uy armament system is
operating as it should. I find tracer is helpful in firing
at aircraft inasmuch sa most of the firing Is done from- thej astern position of the enemy aircraft.

D. I find that the 30 depression of the guns Is desirable
because it allows the pilot to pull higher G's immediately

Supon initiating an attack and also permits more effective
tracking.

E. I have not hit an airplane with this equipment; however,
based upon ground tests that I have seen and the little
film that I have seen, I personally would trade one hit
with this type ammunition to 10 hits with the present .50
caliber type ammunition.

F. I think the prosent installation of four guns is adequate.
I would not like fewer guns because I waot all the punch
I can get whon and if I get into range and fire on another

"~ aircraft. r would rather chance running out of amnuni-
tion with the four guns than to have fewer than four guns.
This punch I speak about is the reason why I am all for
the 20 mm gun. I would like a selector switch, however,
In order to fire either two or fouz guns, especially at
"long ranges where I might go ahead and shoot with two guns.

G. I do not feel that the tactics are altered as the basicr- problem of shooting down an aircraft is to get in a snoot-
Ing position or .n the stern position. None of these
factors, in my opinion, are changed by this new equipment.
it walght, however, require more skill and discipline on
the part of our pilots in order to conserve ammunition
and fire at only the closest possible ranges in any en-
gagement. I think ammunition discipline would have to be
stressed and utilized at all times.

H. I like the range limiter very much. I find that the In-
range indicator position of the range limiter helps me
estimate ranges much better, and without a doubt, would
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help - also to save am•unltion. I think the range
limiter is a very desirable InatUalltion.

1. I've experienced no difficulty In visibility or track-
ing with the Gun Val aircraft carm inatollation 0n
the sight,

J. The lock-on senaitivity control ms used during all of
my flights* and I like it very much. There were tines,
however, when lock-on was .. t effected due to internal
disturbauaes in the alrcrft.

K. I fee! that if we had had this equipment previously
our kill ratio to the probable kill and damaged air-
craft would be upped considerably because of moto
punch bib• this equipment carries over the preset
equipment now used. Because of the peculiarities of
Jet warfare and the high speeds involved, we must take
adva~tege Iedietely and IanPatetly of azj firing a;-~
portumity afforded us. That firing opportunity
must be exploited immediately with more punch. I
think this equipment gives us that added punch. That
is why I would like to see the equipment further researched
and devels•od mad put in our future day fighter aircraft.
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GUN VAL PILOT SWMlY WEPOff

PART I - General Pilot Background

A. 2 May 1953
S. Lt. Col.Donald L. Rodemld

C. Date of Pilot Rating: 31 August 1943

0, Total Flying Tinms 4036 hours

E. Total Fighter Time: 1400 hours

F. Coueat hours lkrld 1br Us 21 houws

G. Combat hours Korea: 43 hours - 27 missions

H. Claims:

1. Norlo War 11: 6 Junks, 12 - 13 railroad oars and
umosreus anti-aircraft Imstallations. Fighter-

bomber type missions.

2. Korean Theaters One lig-15 probably destroyed.

I. Gunnery Officer since 1943 end armorer and armment officer
for the past 14 years.

PARIT I - Gun Val C-bat Experience

A. Total Nissions: 15

B. Number of Engagements: 8

C. Number of Firing passes on enemy eirermfts 0

D. Claim:s 0

PART III - Pilot's Comments

A. There appears to be a slight penalty in performance on the
Gun Val aircraft, noticeabl& only above 4U90W feet. I
have not flown the caliber .50 installation with the straight
leading edge; however, this installation does appear from
comparison on missions to have a ceiling slightly less than
the caliber .50 equipped F-86F with straight leading edge.
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There is a definite deceleration on this aircraft during
gun fire, and it appears to the pilot to be in excess of
the normal F-66 with the caliber .50 Installotion. It is

Snot noticeable during sh*rt bursts, but for a burst longer
than one second it is very noticeable and espec:ally if
fired it formation with another aircraft flying line
abreast.

B. In my opinion 4ft seconds of fire is adequate for the type
of mission being flow. I. "Niq Alley" at the present time.
Howevoro, It does not leave amy9 cushion to take care of the
unexpected. Therefore, I would call this unsatisfactory
for a prodection installation. I wiuld highly recommend
a minimn, of 8 seconds of fire for a production iastallc-
ties. If we were in a position Is combat in this theater
where in had to fight our way keos or the missions were
such that we could expect more contacts with the enemy
the present ft seconds would be entirely inadequato.

* G. I believe it would be desirable to have a tracer round
mmmufactured for this weapon; hawover, I caution that
a tracer must be used in an intelligent masher and not
as a sighting aid to other then evasive action type of
firing or in the event of failure of the &B sight. If
the gas sight is operating properly and the target is
not flylig an erratic path, I would disregard tracer
sammnities and rely wholly upon the sight.

D. Relative to the 30 gun depression I have not had the good
fortune to track a Ui9 aircraft with this Installation.
However, I question the desirability of the 30 gun depression
due to the Inherent pendulum effect during tracking causing
the pilot to always make a double correction when any con-
reation Is made. Thise r believe, should be fully Investigated
by the Air Proving Ground Comand and Nellis Air Force Base
4,o find a desirable gun depression angle if one is needed.

S, Based upon hits observed last year on a Mig-15 that I ws
firing on and comparing that with film that I have seen
with the Gun Val test, I would say that there is no question
as to the increased effectiveness of the 20 am installation
as compared with the caliber .50 hits. I would also like
to polat out the Offectiveness of the enemyOs explosive

F rounds on out own aircraft, wherein two Gun Val aircraft
have been completely put out of coouission for several
months requiring major repairs. This was due to three
rouuds. We definitely need en explosive round in our armament
Installation.
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F. In my opinion, the present installation of four guns
Is adequate; howeover I would like to caution that fewme
guns with possibly more amunitioa would not get the
Job done. The Important thing is to have a density
of fire at the point you desire to hit the target end
not have less rounds for a longer time. The time on(• target is so short that it is imperative to got the
weximm amount of roands out there for a given time.
I do not desire a selector switch Is the four gun in-
stallation. I would also like to add that it is desal-
able to have the .inlmW of four-guns due to the fact
that future req.•r4 ments may cause us to have to shoot
don. something besides a fighter type alxrWrft 4 and I
believe a bomber will require you to have more guns in
the Installation.

SG, With my short experience flying the Gun Val aircraft.I do believe that It Is --ecessary to alt,= u-'aGlo

slightly boeune of the ournat istullation. In
fact. I believe that firing at longer ranges can he
depended on in the future if we use this gun# thereby
making the tactics a little bit easier. However,
alteration in tactics as far as expended brass is

H, I do not like the range limitcr on the sight and have
not been using it due to the fact that I would take
advantage of an aircraft at a longer range than isI possible with the range limiter Installation, I find
that the caging button takes care of all abnormal ac-
tions of the eight and Is all that Is necessary. Adequate
training would make the runge limiter unnecessary. I
do, however, find the in-range indicator portion of the
range limiter a desirable feature and would like to see
it on all future installations.

I. The light reticle ocmera installation with the Zomar lens
erector heads seems to be a very satisfactory installation,
and I would strongly suggest production for all fighter
aircraft. I do not find that it obscures any visibility
during combati in fact, I have never noticed it at that
time.

7J. Until such time ao the radar can be ground adjusted to(2 •a value which will hold for all altitudes and atmospheric
conditions, I strongly suggest that the lock-on sensitivity
control be installed in all aircraft with the G-30 radar
Set.
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K. In additAon to the aboves I would strongly suggest that
the Air IVOrc embark on a program to deteLvine the exact
causes and reasons for compressor stall during gun fire
on this installation. This is important for all future
Installations,

L. In sumary, I would rcommend that future fighter installs-
tions go to 20 M type of armament to more effectively
accomplish the job cut out for the fighter .ircoft. This
recommendation includes work against possible bester-,
other fighters and air-to-ground work. I believe In
going to the 20 M installations we can justify large
expenditure to build aircraft to do a Job that they ve
originally designed for, that is, shoot down ather air-
cnft.
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GUN VAAL PILOT SIMARY REPORT

PART I - General Pilot Background

A. 29 April 1953

H. Lt, Col. Clayton L, Peterson

C. Date of Pilot Rating: 16 August 1941

D. Total Flying Tim:e 2660 hours

E. Total Fighter Time: 2200 hours of uhich 1050 are Jet hours.

F. Combat hours World Nor I: 514 hours. This Included air-
to-ground work, counter air work and escort.

G. Comat hours Korea: Approxi=taly 60 bho:s

1. Fighter Bomber: None

2. Counter Air: Approximately 60 hours I'-i
H. Claims: t

1. World War 11: 2 damaged

2. Korean Theater: 1 damaged

1. None

PART II - Gun Va1 Combat Experience

A. Number of missions: 40

B. Number of engagements: 25

C. Number of firing pusses on Enemy aircraft: 5

D. Claims: I damaged MIG

PAUfT III - Pilot's Gomuents

A. I feel there is no great appreciable difference in climb*
speed, maneuverability of Gun Val aircrutt in comparison
to F.f6F aircraft equipped with .50 caliber guns up to
approximately 42,000 feet. Above that altitude, I do feel
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that the Gun VJl aircraft are slightly inferior when
compared to the regular .50 caliber equipped F-86F.
alrcraft. There appears to be a decrease in the absolute
ceiling of the Gun Val aircraft..a slight decrease in
maximum speed and a greater deceleration in speed when
attempting G turds at these altitudes. There appears
to be a greater deceleration in the aircraft during the (
period of firine the T-160 guns, especially when firing
over a long period of time. Very short bursts did not
decrease the speed of the aircraft as far as I knew,
any more than a short burst "hen firing the .50 cal!ber
equipped aircraft; however, %he greater difference is
noted when firing long bursts.

B. 1 feel that the present 44 secoads of fire of the Gun
Val aircraft is inadequate and would like to see at
least 6 to 8 seconds length of fire for future installsa
tions.

C. Because of certain errors in the sights that we have
in operation at the present time, I feel that tracers
are desirable. Tracers would be very desirable in
case of a failure of the sight, or at tines whem accurate
tracking Is impossible.

D. The basic ideas of the 30 nose down gun depression type
of harmonization appears to be sound. I have done a
little air-to-air tracking with this type of harmoi•za-
tion and it appears to we as good, and In soam cases,
better then the present type harmonization used in this
Group. In the air-to-ground work that I have done with

* Gun Val aircraft and this type harmonization, I feel
that it is superior over the present type of harmonization
wusd in the Group. It appeared that I ws able to kczp
the sight on the target for a longer period of time, con-
sequently allowing me to put a longer burst into the target.
It also appeared that I was able to approach the target at
a better angle. I definitely feel that this type harmoniza-
tion warrants future study, particularly for air-to-ground
work.€i

E. Although I have only damaged one aircraft. I have observed
hits made by the 20 - on other aircraft and have observed
hits made on ground targets. Fram the results I have seem.
I feel that the terminal effectiveness of the 20 aM as corn -
pared with the .50 caliber is much greater. In addition,
the fact that HE ammunltion can be use- in the 20 - gun
makes this lIstallation much more desirable then the .50
caliber gun.
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PF. I feel that the present. istullation of four guns is adequate
and would not like to s@ fwr Ohan this number because it
would reduce the hit peobability in firing ut targets, However,

SI feel that the Idea of the selectoe sw itch is desirable, On
__soccasions there could be targets which Would' require a fewer

$7 number of guna or on extreme long range firing where the
probability of hits would be small. I do not think that we
would sacrifice anythin-i in the aircraft or guns by putting
in a two-way selector switch.

G. I do not think the shorter tim of flight, the HE ammunitions
higher cyclic rate or dischargIng spent cases, aircraft decelera-
tion at time of flie, or the 3 depression of the guns will
alter the tactics now used by F-6PFls to any great degree,
however, I might say the present length of fire, and perhaps

p fthe future six or eight seconds would alter the tactics
slightly, only in the fact that the pilot would have to use
greeter discretion In choosieg his time of fire, for In-
stance, the pilot would have to be a little gore careful
in spraying the area and shooting at extreme long ranges or
at Impossible angles. In the present installation of .50
caliber with the length of fire being 15 seconds he can afford
to waite a little more amunition. However, in the present
Installation and perhaps in the future of the 20 sma the pilot
will have to use a little more discretion in expending his
amtunition.

H. I feel that the range limiter is a desirable feature on these
aircraft and particularly feel that the in-range indicator
portion of ae range limiter Is desirable, not only for ex-
perienced pilots, but especially for new pilots.

1. I have not experienced too such difficulty In tracking with
the Gun Val camera installation on the sight, especially
zince the wore recent Zoaam type installation has been In-
stalled. However, I would like to add this points Anything
that restricts the view of a pilot in any my is undsirtable,
and I think continued research should be made to develop a
smaller sight camera head for this installation. I think

F the sight reticle camera Installation is highly desitsable
Is training n," pilotsa end also In use In a combat area
in order to point out mistakes of the pilot in tracking
and in checking the harmonization of the iudividual silr-

* C- craft.

J. I have used the lock-on sensitivity control at least three
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times during the period of flying Gun Val aircraft and feel
'that until the sighting system Is fool proof, this should be
installed on future aineraft, because it 18 the only method
the pilot has In attempting to correct a systom malfunction-
Ing in the air. In present types of installations, this
lock-on pensitivity control can be done only on the ground*

K. I would like to eake smaw additional remarks about the air-
to-ground possibility of this installation. In the 3 missions
that I have flow. in air-to-ground work, the 30 note down
depression hermluiation inthodo I felt, us& very desirable.
The results of the striking power of this weapon surprised
me, especially the IS round which, when fired on a truck,
wore extremely effective. In my mind, there is no comparison
between the API or HE round of the 20 - as to the regular
.50 caliber installation in terminal effectiveness for air-
ground work. The damage done by the 20 - Installation is
far superior. It Is my opinion that the 20 = gu•s now
installed In the Gun Val aircraft are very desirable in
future fighter aircraft. The shorter tin of flight, the
HE round, and the higher cyclic rate are a great Improve-
ment over the .50 caliber installation. The greater hitting
power obtained from the 20 - gems should improve the kill
ratio new obtained by the ,50 caliber installation. However,
as mentioned before* we should have a longer rate of fire.
at least 6 to 8 seconds, and we must eliminate the cause
of the compressor stall which we now experience in our
presently equipped 20 N aircraft.
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GU4 VAL PILOT SWW Y REPOIRT

PARIS I - General Pilot Background

A. 22 April l953,

EP. Major Jack E. Mass.

C. Date of Pilot Ratingt March 1944.

D. Total Flying Time: 1900 hours.

E, Total Fighter T"-e: 11550 heunc.

F. Combat hours during World War II: 140 hours.

i. Type Missions: Fighter-Bomber Interdiction, escort idth
some air-to-air combat.

G. Combat hours Kor~ea:

1. No fighter-bomber missions.

* 2. 115 Fighter-Interceptor missions for a total oft 190
combat hours.

H. Claitm:

1. World War II: One 109 destroyed. One FW-190 probably
destroyed.

2. Korean Theater: Two Mig-iS's destroyed; 7 Rig-15's
damaged.

T Experience as an armament officer 368 Fighter Group during
World War II: 5 itunths.

PART II - Gun Val Combat Experience

A. Total Missions: 12

B. Number of Engagement.s: 3

C. Number of Firing Passes on Enemy Aircraft: 1

D. Claims: 0
PAUT III - ['iiot's Comments

A. I do not believe that there is much of a penalty paid in
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performance'in Gun Val aircraft as compared with the normal
F-86 with the .50 caliber installation; however, there is
one slight penalty paid and that is the deceleration during
gun firing. It slows the aircraft down considerably compared
with the .50 caliber gaunfirlng. It is not too great a penalty
in my estimation. The only other penalty would be the posoi-
bility of a compressor stall at altitude firing all four guns;
however, if every pilot had adequate knowledge of this condi-
tion 1 think it could easily be remedied to a certain extent
in recovering from the stall by knowlip the things to do prior
to firing all four guns,

B. I do not feel that R; seconds is adequate for firing frou any
jet type aircraft at the altitudes we are presently flying.
I would like to see the length of fire Increased to approxi-
mately 8 seconds. This would give a little longer duration
and possibly make a few more definite kills; however, if the
enemy aircraft was hit by 6 or 7 rounds of this type of amuni-
tlion, I am sure the aircraft would not reach its home base.

C. I do not feel tracers are absol•utely necessary, but until such
time '.s they can develop a fool proof sight that you can always
depend on to function properly, I do believe that tracers are
a necessity.

D. The 30 depression of guns is desirable as far as I am concerned
dae to the fact it will get you above the jet wash of the air-
cxa1at you are pursuing in order to get your sight on the air-
craft, to keep the aircraft more stable, and to make your gun
firing more accurate. I only fired on one Ilig with the Gun
Val aircraft, but I have observed otIher people's hits on film,
and there is no doubt in my mind that the 20 mm installation
is more desirable than the .50 caliber installation, but until
such time that they can increase the length of fire to a few
seconds more the .50 calibor gives you a chance to fire more
bursts and stay in there just a little longer. The .50 caliber
Is more desirable at high altitudes, 45,033 up to 50,0i feet
where a lot of out encounters are taking place at the present
time.

E. No comment.

F. In my opinion the present installation of four guns Is edcquato,
and no attempt should be made to decrease this number. If an
aircraft could be built that could accelerate in comparison to
the type airplane we are flying against now, and of coirse in-
crease the length of fire, this installation would be the answer.
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I do not believe therc Is a need for a selector switch in
the aircraft to fire either 2 guns or 4 guns. When you are
in firing range of an enemy aircraft, and you know the con-
ditions that exiot when firing all guns at high altitudes.
and you know that the possibilities of compressor stall are
right there0 I believe anybody who finds himself in that
position will not hesitate to try to get in range, throttle
back and take a burst of all four guns, hoping to eliminate
the compressor stall. If in the event he does not eliminate
the compressor stall, he can Immediately break off and head
down and try to get rid of the stall.

G. I do not believe that this installation alters the tactics
from the normal F-86 tactics. You will do the same maneuvers
with this installation installed without any variation at

,all.

H. The range limiter stabilizes the sight at long range, and I
find It very desirable in this aircraft. Also. the im-range
Indicator portion of the range limiter Is iedeed a desireble
feature.

L I particularly like the reticle camera Installation especially
since the adopter head has been modified. It does not restrict. my vision, and I would like to see it installed in all air-
craft primarily for better evaluation of combat film.

J. On a few occasions the lock-on sensitivity control had to
be adjusted for altitude changes and atmospheric conditions.

IR. My comments on the desirability of the 20 me in future fighter
instollationg is very much the saee as those of the otherA, pilots because of the type aircraft against which we are now
flying In combat. There is no doubt in my mind that one 20
-m hit is equal to about 5 or 6 hits of .50 caliber. X have
seen some of our aircraft come back that had been hit by the
M19g-l5's 37 mm and 23 nn, and considerable damage was done to
the aircraft. I also think it was a good thing when they de-
cided to make the change for this test so that in the future
If you are to encounter the large type bomber 2±rcraft, thefifties would not do the damage that the twenties will. The

20's would definitely give you a kill potential where the
.50 would only knock out an engine or damage the aircraft
slightly. I would definitely like to see the 20 mm improved
and put into future type fighter aircraft.
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GUN VAL PIWO S~MUY RUOT

PART ! - General Pilot achkground

A* 28 Apri1 1953 )

B. Captain David T. Davidson

C, Date of Pilot 2sting: 23 ;iky 1944

D. Total Flying Tims: 3810 hours

K. Total Fighter Tim.: 2030 hours

F. Combat hours World or III 200 hours of fighter time. I
flow 44 missions, mostly escort missions, ie F-S1 type aif-
craft~.

G. Combat hours in Koreas 120 hours, all counter air.

H6. Claims

1. World Wr IIU Name

2. Korean Theaters I Mig-,1 destroyed and one Kig-16
damaged.

1. I have been an engineering officer end fighter gunnery- lstri.

at Nellis Air Force Base* Nevada.

PART 11 - Gus Val Coast Experience

A, Nsuer of' Missions: 4

B. N•mber of Engagements: 2

C. Number of Firing Passes oi Enemy Airoraft: 0

D. Claims: 0

PART III - Pilot's Cml nts

A. I feel that the added weight of this partioular installatior
In the F-86 has some effect on the maneuversbility and the
rate of climb of the airplane. I flew it with a flight of
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normal F-866s, and it seemed av though there was a slight
diffrence Ia the perfamance of the airplane. I do think
it affecto the aircraft In that mnaser, The only other
thing I have against the installation is the compressor
stall characteristic that is Induced at high altitudes.

B. Is qj opinions the present 41 seconds of fire is not adequate. S~I personally think 7 to 10 seconds of fire would be more

adequate and would do a better Job.

C. I think tracers or sam method of giving the pilot some
Ildication of where he Is shooting is highly desirable
for coibat airplanes. If the eight goes out or is not
computing properly, you have no way of knowing where you
are shooting and with the limited amount of fire it would
be desirable to have som method of either the tracer* or
the beeswax on the amanition to give you an indication
of whare you are shooting. I do not know the feasibility
of putting tracers ing but I do advocate some method of
giving the pilot sew indication of where his ballets an,
going.

*. As far as the 30 depression of the gus is concerned, I
think it is very desirable. I do not know if 30 is the
correct amount or not; maybe 20 would be better, I do
feel that you have a greater accuracy with the gums
depressed. Thoe sore nearly the guns approach the flight
path of the airplane the less gunnery error you have,
and therefore you have greeter accuracy with the guns
deprossod although you can't compensate for all changes
of altitude and air speed. I think having the guns
depressed is a better instRllation then having them
mounted parallel to the longitudinal axis of the aircraft.

E. T do not thick there Is any question about the offoctI;v-
noso of the 20 m- or the damage that it does. It certainly
has greantr destructive power than the .50 caliber, and
the greater destructive powor you have the more chances
you have of getting a kill.

F, In my opinion, the present 4 gun set up is adequate, and
it is the proper number. I think the gun selector switch
is highly desirable. As far as fighter versus fighter
€cabat is concerned, I think 2 guns would be adequate.
however, against bomber, four guns would certainly be

19 desirable. I think you can also use your selector switch
to incroase your time of fire by shooting two guns at a
time when you are shooting against a fighter.
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G. I do not think this installation appreciably affeots the
tactics used in standard F-86's, and the only tactics that
it could change would be at high altitude firing and coo-
pressor stalls that we encounter.

1. The range limiter fdea is fine. and It is a desirable feature
in all fighter type airplanes and can be used to great
advantage. However, I have not fired enough with the A.4
sight to become accustomed to the in-range Indicator of
that sight. I think the ono on the A-1 with the reticle
disa"ppeing Is a better feature thim the blinking on
the A-4.

I. As far as the sight reticle cuna installation is conce~red.
I find it difficult as for as trsckifug and looking around
the sight, but I suppose you get aocusUwad to It. I prefer
not to have the sight reticle camera installation the way
it Is in these aircraft.

J. The look=on sensitivity control is very good as far as I
s concerned, and I think It should be on all the sights.
I used it on almost every mission I flew.

L I feel that the 20 a- installation Is an approach in the
right direction, and I think it is what we have boon *wait-
Ing for a long time as far as fighters are concerned. The
gun definitely has an advantage over the .50 caliber I*-
stallation, and I think with the proper install.stion and
remedying the coupressor stalls in the F-86 at Uigh alti-
tudes, it is a very desirable gun. I do feel that the
time of fire should be increased, and there should be
soe method of giving the pilot an Indication of where
he is shooting either with tracers or beeswax. As far r
as the T-160 gu2 itself is concerned, I feel that it is
far superior to the .50 caliber.
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GM- VAL P1LM StW RY REPORT

PART I - GOneral Pilot Background

A. 23 April 1953

., Major Foster L, SmIth

C. Date of Pilot Ratingo 6 June 1944

D. Total Flying Times 2500 hours.

S. Total Fighter Time: 485 hours.

F. Combat hours World Wtar II: None.

G. Combat hours is Korea: 100 hours. All of it In F-86's
in counter air and escort missions.

H. Claims:

Korean Theater: I Ig-i15 destroyed.

,; ~PART II - Gun Val Combat Experience

A. Total Missions 5

B. Number of Engagements: 1

C. Number of Firing Passes on Enem Aircraft: 0

D, Claims: 0

PART III - Pilot's Coentus

A. The perfoimýnce of the Gun Val wircraft Is okay, except that
the center of gravity saees to have shifted slightly forward
with the installation of the 20 mm weapons. There Is a slight
Instability at certain speeds around .85 to .92 Moch. varying
from aircraft to aircraft which Is probably an individual
characteristic, but It seems to be found in all the aircraft
with this gun Installation. The climb on the aircraft is
satisfactory in that it is 'done at a higher then usual Mach.(1 I have no criticism on the aircraft speed, at 42,000 feet
and above, except that it is slightly lower than the .50
caliber installation. T'he maneuverability was affected
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somewhat b*-eause of the nose heaviness, The deceleration
during gun fire is greater per unit time, although I dobt I
if the deceleration Is any greater per quantity of projectiles
thrown, considering the cyclic rate of fire.

B, The length of fire, in my opluioo, is too short, For present
combat conditions It seems satisfactory, but I believe the
optimum would give us 2 to 3 seconds mote fire without un-
satisfrctory sacrifices in weight. I would think around
6.j to 7 seconds of fire ought to be satisfactory. For
strictly air-to-ailr combat this seven seconds would be
okey* but if we are to Vet into the business of shootlg
at bombardment aircraft, I believe that a longer period
of fire is indicated even for this type of gun.

C. Porsonsaly, I would very much like to have tracers, especially
as long as we have the critical problems of sights that some-
times malfunction. I especially like the tracers in the .50
caliber, and It would also be more desirable to have tracers
with the 20 me,

0. The 3 depression af the guns is very desirables in my opl-a-on,
because when shooting air-to-air with fighter aircraft you
find that you ride above the Mig's Jet wash.

E. I will have to base my Judgment of the terminal effectiveness
on photographs that I have seen and upon evaluation and
assessment of film which has been made on missions wherein
Gun Val aircraft have bit the Rig. In my opinion, the affect
of the bits from the 20 m- installation are much more effective
than hits from the .50 caliber.

F. As far as the number of guns is concerned, I belieoe that
four is satisfactory for fighter-to.-fighter work, In high
spead horobardent intercepts, I think we are going to re-
quire a greater volume of fire power, and probably six guns
or perhaps eight (depending on weight and speed limitations)
would be desirable. I think six would be what Is needed
for tackling something like the 8-47 or even the B-36. You
have got to have more rounds than this will provide for such
a target, since the superiority of borkardmant gun arnmmnt
will make itself felt with the advancement of sighting systems
end electrical gunnery control:, The 4 gun installation Is
adequate for fighter-toffighter work, I do not believe that
fewer guns with more ammunition would be desirable. A
selector switch in a four gun installation Is desirable to
a degree, If no Increase in weight Is made.
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G. The in•tallation of 20 m guns In the F-86. in my opinion.
does not materially alter the tactics required to shoot down
a Wig. You still have the problem of closure - the problem
of Vettilnl into position to fire. The only place that you
have advantage Is that it takes less duration of fire, with
a higher cyclic rate and a higher shock effect of each
individual round to disable or destroy a Mig. The equivalent
damage can be effected in a much shorter time. Therefore,
from a standpoint of time it is nore advantageous to have
this installation. In tactics it could man that you could
snep a shot sad get out quickly and still get the same
shock effect and destructive effect with the 20 m- installs-
tion.

R. As far as the range limiter is coacerned, I think this is
one of •te most desirable features of the sight in that it
presents to you a reference range. I believe it ts a do-
sirable feature on these aircraft as well as on ay other

* aircraft.

I. As far as the sight reticle camera iALfallation goes there
has always semed to be some difficulty iw attaining a
sufficient lateral visibility, In other words, as long
as you have this reticle camera in here it is going to be
hard to move your head from side to side as far am perhaps
you would like in high-angle-off shots or In closing on -.

a target out of a dive. In my opinion, the Gun Val cmonera
Installation on the sight is very goods however, In that
it hbe the small periscope installation which takes up
n.jh less space. I like this development :nd the use of
a wide angle lens with the periscope attachment on it.
It takes up less space in the pilot's very limited area
of vision.

4L The lock-on sensitivity control was never used by this
pilot. Only when I get too sensitive lock-gus in clear
air would I ever reduce the sensitivity of it. I be-
Hleve it Is most desirable to hbva this adjusted onthe ground.

K. I believe that the 20 i Installation in future fighter
installations is a step in the right direction. I do
not believe it is the answer because ws~ have got to take
a long step ahead to meet first the problem of futurre

' fighters which we will encounter, and second, future
bombardment and atar bomb carrying aircraft which we
will encounter in tise next 10 to 15 years. It is going
to take at least 2 or 3 years to got this gun in a
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productiou aircraft, and It vill take a few years to prove
itself. Neanwhile, we cannot rest with this particular 20
m and come out an top, in roy opinion. It is a tremendous
improvement mad will probably be adequate up until 1958
against possible enemy fighters, since, in my opinion, wa
do not ued guided missiles in fighter-to-fighter work. I
think we are going to need something heavier in its strik-
ing power per unit tim against bombardent aircraft that
may take us Into the field of rocketry. It is certainly a
stop It the right direction, and the cyclc rate of fire
ua;t be held sp no attez %'hat vsrikttoe you have in the
sl or caliber of the projectile being fired. I am all
for Gus Val; I think it has been a tremendous success and
only the problem of installation in the F-86F has kept it
from being a complete success here. It is to be expected
that a test aircraft is not going to deliver the same per-
formance as a production aircraft, and when this gun gas
problem is solved In tke next installation of production
aircrft we are going to have a real top notch air ouperl.-
ority fighter weapon.
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GUN VAL PILOT SUMM WOREI T

PART I - Geaeral Pilot Backgroaund

c A. 22 April 1953

B. Lt. Colonel Frank J. Keller. (Assigned to 81st Fighter-
Interceptor Group in England. MOY to 4th Fighter-Inter-
captor Group.)

C. Date of Pilot Rating: 11 July 1941

D. Total Flying Time: 3670 hours

E. Total Fighter Time: 1850 hours. 1060 hours jet time with

approximately 500 hours in the F-86.

F. Combat hours during World Wor IU: 150 hosrs P-38 flying
bomber escort and interdiction missions.

G. Korean Theater:

1. No fighter-bomber.

2. 40 hours ombot time counter air.

H. World War II Claims:

1. 2Y-. aircraft destroyed.
S2. 2 dmaged.

I. None.

PART II - Gun Val Combat Experience

A. Total Missions: 9

B. Number of Engagements; 2

C. Nwt•er of Firing Passes on Enemy Aircraft: 2

D. Claims: 2 damaged.

PART III - Pilot's Conwents

A. There is apparently a slight penalty In performance of Gun
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Val aircraft as compared to other F-46's with .50 caliber.
The climb and celling are slightly lower and the decelera-
tion during gun fire is more noticeable.

I. I believe that 4j seoconds is not adequate for the type of
coabet being experienced here. I believe that we should
get at least 8 or 9 seconds of fire as a minimum.

C. I believe, because of the complications of sighting, that
-tracers are highly desirable.

D. Although I have only fired Gun Val aircraft at two NIGs in
combat$ I feel that the 30 depression of the gun might be
undesirable. I feel that the most effective gunnery can
be accomplished when the guns are boresighted as closely
to the longitudinal axis of the aircraft as possible,

E. Jidging from combat camera film and pilots' remarks, it is
:ppareat to me t-at the 20 * installation as compared with
the .50 caliber is more effective.

F. I feel that the present installation of four guns would be
adequate, and I do feel that the selector switch in the
four gun Installation to allow the pilot to fire two or
four guns is desirable. This is because of the variable -
combat conditions which fighter pilots find thomselvest
that is, range, altitude, maneuverability of the target,
etc.

G. I do not belgleve this tnstallatior affects the tactics
now being used by the standard F-86. .

It. I feel that. the range limiter which stabilizes the might
at long ranges is a desirable feature. The in-range portion
of the range limiter is also :a desirable feature.

I. I have not noticed any difficulty in visibility of tracking
with the Gun Val reticle camwca installation. I feel that
this reticle camera Is highly desirable.

J. Tie lock-oni sensitivity control was used on test missions;
howeverg it was not used in ectual combat.

K. I feel that in future fighter installations,, we should have
a weapon as effective as the 20 nm, at least. It at ill
possible we should have more effective weapons; this is due
to the fact that the future high Mach aircraft will be built
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.much stronger and therefore will be much harder to dmage
amd destroy, The coiarstive ineffectiveness of the .50
caliber has been shown repcatedly here In the Korean theateor.
Many hits on the Nig aircraft have been observed# but the
Hieg an -- y cas-z ewud still outclinb the F-86 and evade
destruction.

I

Appendix J - Page 64
Inclasure 02 - page 48

232



GUN VAL PILOT SUWSMRY EPOST

PART I - General Pilot Background

A. 29 April 1953

B. Lt. Colonel J. R. Best.

C. Date of Pilot Rating: 29 May 1941

D. Total Flying TUme: 2300 hours

E. Total Fighter Time: Approximately 800 hours.

F. Combat hours in World Iar Il: Approximately 100 houra
broken down as follows:

1. 50 hours counter air.

2. 30 hours interdiction.

3. 20 hours escort.

G. Korean Combat Hours: Approximately 40 hours all counter
air.

H. Claims:

1. World War li One Zero desteoyed, one probably destroyed.

2. Koroeau Theater: None.

1, No0e,

PART 11 - Gwj Val Coubat Experience

A. Total Misuionsi: 1

B. Number of Engagemontsc 0

C. Number of Firing Passes on E-niny Aircraft: 0

D. Claimea: 0

PART II - Pilot's Comments

A. Regarding aircraft performance I have very little Information
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on which to bese a Comparison between the Gun Val aircraft
and other -06's as I have only flown the F-86E Podel with
slats. The Gun Val aircraft being an F-86F with a straight
edged wing is greuttly superio in performance at high alti-.

- .Regardiug the length of fire, I do not have enough experience
to form a definite opinion; homwver, I believe that 4% seconds
is less than I would desire. Howse-ir, the present 15 seconds
on the .50 calibers is exceomsive. I would say approximately
8 seconds would be a gVo compromise for future installations.

C. I would like to see tracers, particularly for test firing,
They are vemy helpful when firing at a Mig.

D. I have had no personal experience with the 30 depression of
the gune; however, from the film I have seen I would say
that there is one undesirable characteristic in that when
trackleg Is f'z" WOO oltlok thore is u tendency to track
in a curve which brings you up through the Jet wash of the
senmy aircraft. At high altitudes the resulting unstable
condition makes the probability of a kill very much less.

E. I have no experience which would be of value in determining
the effectiveness of 20 = hits coqmared to the .50 caliber. -

F. I do believe the four guns are adequate. I would not Hike
to see any less then four. A slightly longer period of
fire would be desirable. I do not think a selector switch
to select two or four guns is necessary except as in the
present installation where it is an 4ircraft factor rather
than a gun factor.

0. In my limited experience with this Installation, I do not
feel qualified to make any comments regarding tactics; how-.
ever, from observations formed on the experience of others,
I do not believe the tactics are altered to any great degree
by virtue of the Installation of the 20 mm gun.

H. I find t'e range limiter to be of great value In tracking
and firing in both the A-ICM and the A-4 eight. I find
the In-range indicator a very do;irable feature.

I. The sight reticle camera installation on the Gun Val air-
craft, I believe, Is excellent. The camera head in the
windshield is hardly noticeable at all when worklug with
the light.
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J. I did not use the lock-on sensitivity control for the
sight.

K. As an overall aeinent on the Gun Val Project, I feel
strongly that there is a great future for the 20 m
gun in fighter Installations. There or* many disad-
vantages at the present time; however. I think research
presently underway will overcome those in the future,
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' GUN VAL PILOT SUARRY REPOfT

PART I - General Pilot Background

A. 23 April 1953

B. Captain Vinent E. Stacy

. Date of Pilot Ratings June 1944.

E. Total Fighter Time: 900 hours.

F. World War II Time: None.

G. Combat Ilours Korea:

1. No fight•r bomber .zzieas.

2. 160 combat hours.

IL. Claims for World War IX None.

* Korean Claim:

,$ 1. l'e destroyed.

2. 1 probable

3, 5 daaged

"1. None.

PAr II - Gun Val Combat Experience

A. Total Missions: 3

B. Nwsler of Engagements: 1

C. Nuiber of Firing Posses on Enemy Aircraft: I

,•D, C~laims: 0
PART III - Pilot's Coments

A. I noticed very little difference in aircraft performace on
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the Gun Val aircraft compered with the leading edge F-86F
as far as climbs speed, ceiling end maneuverability is oon-
oersed. The normal F-86F has a very slight edge on it.

The deceleration while firing the guna was noticeable.

B. The length of fire was adequate in most cases, but it would k
be more desirable if there were 8 to 10 seconds of fire.

C. Tracers would be very desirable especiolly at close ranges
abd high Wach,

0. I like the 30 depression of the guns. It keeps you out of
the jet wash at certain ranges where you could get a
smoother gun platform from which to fire.

£. From what I have seen of the hits from the Gun Val aircraft
of the 20 - &munitions I believe it is very lethal, especially
at close ranges. As coparad to the .50 calilbr, the ouly
objection I have is that there are no tracer$ and the firing
time is short.

F. The amount of fire power in this installation is very
adequate, and if the guns could be boresighted to bring
the pattern in a few ails to have a more concentrated
fire power, I think we would have a very lethal installa-
tion. lbe gun selector stitch In the four gun Installa-
tion is desira#be,i bat if I had 10 seconds of fire In
these guns I would not ment a selector switch.

G. I do not believe any of the shortcomings of the Gun Vat
aircraft hinder the tactics now being employed by standard
F-W66 aircraft. The tactics in all circumstances were
about the same.

H. I found that some times in close ranges the sight would
oscillate, aad the range limiter would be a desirable
feature if they could take some of the oscillation out
of the sight. The in-range indicator on the range limiter
is a very good feature,

1. The eight reticle c--ere inztelletion did cause a little
difficulty in tracking but the new erector head that is
now installed eliminates this difficulty.

J. The lock-on sensitivity control is another desirable feature
in the fire control system. It allowed me to stabilize the
radar and control It and to know what its capabilities were,
and whether or not it was in co,-ilsslon.
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L. On the oveuall picture, I think that if they improve the
mount$* the pattern of the 20GM. the length of firea old

| get rid of some of the reight if poesible. the 20 m will
be the answer to future fighter 19!!a!t!ons,

I

* :*

'K.

r I.•I.
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GWI• VAL PILOT SLtMARY REPOR..01

PART I General Pilot Oackground

A. 22 April 1953,

B. Captain Clyde A. Curtin.

C, Date of Pilot Ratings 12 December 1941.

U). Total Flying Time: 3300 hours.

E. Total Fighter Hours: 2200 hours,

V. Combat hours during World War Us 15 hours Interdiction
m/issions.

G. Combat hours In Korea:

1. Fighter -Bomber None.

2. Counter Air - 130 hours in 85 mission#.

H. Claims:

1. World War 11:

b. 6 locomotives and trains.

2. Korean Theater:

a. 2 Migs destroyed.

b. 3 Migs damaged.

I. Two years experience as instructor at Air Force gunnery
squadrou.

PART II - Gun Val Coubat Experiences

A. Total Missions: 5

B. Number of Engagements: 2

C. Number of Firing Passes on Enemy Aircraft: 0
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D. Claims, 0

A. Gun Val aircraft seem to be heavier on take-off and olimb
characteristics with a corresponding loss of ceiling and
maneuverability at altitudes. The deceleration during fir-

w• Ilng is noticeable but is more thau off set by the striking
force of the fired projectiles.

B. The length of fire combined with the lack of tracer aumuni-
tion and the evasive maneuvers of the enemy aircraft indicate
that a longer duration of fire Is desirable. With the large
number of targets available in this theater, 8 to 10 secondsof fire would be my recommendation.

C. With the luck of reliability of tho present sighting system
on the P-86 and the short duration of fire with the 20's,
it is mandatory that tracer ammunition be furnished with

*1 this gunnery installation. Tho wax coating on the &aMuni-
t ion is of slight help in ascertaining a desirable sight
picture. This is determined from the sighter burst. The
wax trails were not adequate as they burned out at about

['8 Ofeet.

D. The 30 depression on the guns is both desirable and undesir-
able. It is desirable from the point of view that you areL above the jet wash of the other aircraft, but it is undesir-
able from the point of view of maintaining proper sight
picture due to over controlling. A pendulm type oscilla-
tion is encountered on attempting small corrections. In
comparing this set up with that of an F-M6 with .50 caliiers,
I bhiieve that an overall conclusion would favor the Gun
Val Intellation.

E. When the 20 mm hit with effective force, the results are
very good, but I believe that several aircraft that were
not destroyed could have been shot down had the aircraft
been carrying a full load of .50's. This Ps, of course.based on the length of fire and.the fact that there were

L no tracers on the 20's.

F. Four guns are more than adequate. The select*r switch for
2 or 4 guns was used by the pilot on all missions and I
feel that it would be desirable on future installations.

G. There were no changes of tactics caused by the Gun Val air-
creft.
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H. It is my belief a range limiter on the A-1 CM or the A-4
gun sight is of no value and should not be utilized on
future fighter type aircraft. The A-4 sight will give V
proper computations at all ranges. When you utilize the
range limiter on the A-49 you immediately put in a booger
factor. If you fire a slight bit 6ut of zange., you have
to estimate how high you have to aim above the Mig. Thit,
of course, destroys the ranging and computing functions
of the A-4 sight.

1. No ccmuent,

3. No comment.

K. No comment.

L. I believe that future installation of the 20 mm wapon
in fighter aircraft is desirable, not particularly against
the Mig-15 or other type fighters, but would be mandatory •'
if we were fightJig against bomaers. The .30 caliber, I
believe, would be totally inadequate against bomber type
aircraft; of course the fifties are more than adequate
when firing fighter against fighter.

LI
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"GUN'I VAL PILOT SUM=R REPORT

PART I - General Pilot Background

A. 28 April 1953.

B. Captain Houston N, Tuel.

J C. Date of Pilot Rating: September 1944g Fighter Pilot since
eay 1950.

D, Total Flying Time: 3700 hour:.

E. Total Fighter Times 1150 hours with approximately 1100
hours in jets.

F. World War 11 Time: 50 hours as an artillery liaison pilot.

SG. 
Korean Theater: 180 hours in F-ft 's all of uhich has been
tir-to-eir "O-k,P4H, Clainm:

I. World War Ili None.

"2. Korean Theater: 3 MigO-1 type aircraft destroyed and

I. I have no other experience than Just a plain fighter pilot,
•j •PART II - Gun Val Combat Experience,

•A. Total Missions: 3

. umber of Engag0ents: 0

C. Number of firing passes made on enemy aircraft: 0

L D, Claims: 0

PAWIr III - Pilot's Comments

A. From my experience I capnot say if there is a penalty in
performance since the only F-86F with the straight edge
that I have flown has been the Gun Val aircraft. However,
the one thing that I did notice is that there is a very
noticeable deceleration while the guns are firing, much
more noticeable than the .50 calibers in the F-86E.
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B. I believe the 4C seconds length of fire is adequate.

C. I like the tracers for test fiticng not necessarily though
for other then test firing.

D. As for the 30 depression of the guns, I do not really know
enough about that to have an opinion on it.

E. I have never seen a 20 mm hit on an enemy aircraft; I can
only guess that it would be more effective then the .50
caliber. I recall at least one case where I observed Leveral
.50 caliber hits on the aft section of the MIG, and his per-
foruance did not seem to be affected at all. I believe in
that particular instance the 20 m would have stopped this
particular MIG.

F. On the present Gun Val aircraft I believe the gun installa-
tion is adequate, both with respect to the number of guns.
the amiunition and time of fire. I do not think we should
have less than 4 guns. The selector switcho using 2 or 4
guns, is a desirable feature on the present installation.
but it might not be on ad aircraft where we did not have to
worry about compressor stalls at high altitudes.

G. FLoa my experience in Gun Val aircraft, I do not think the
tactics have been altered.

H. The range limiter, In may s~jtperience. has not been necessary;
in fact, it has caused me a little trc~ule at times when the
target was beyond 0e maximum setting of the range limiter
with no time to change it during the attck.

I. The sight reticle camera did not bother me at all. It seems
to fit very well in the aircraft, and it did not affect me
wheu I was fly~ig the aircraft.

J. I had no occasion to use the lock-on sensitivity control.
In practice, I checked it just to see if the light worked,
but I do not know how necessary It is.

K. In summary, I think the four 20 mmo guns in the F-86 would
raise the kill-damage ratio favorably because of the greater
striking power and possibly greater accuracy at long ranges.
However, I think it would be necessary to have an installa-
tion that will permit unrestricted use of the guns at all
altitudes.
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GIN VAL PILCq SI!MARY REPORT

PART I - Gqonerml Pilot Background

A. 27 April 1953.

r BH. Captain Ro T. Dewey.

C. Date of Ptlot Rating: 7 January 1944.

D. Total Flying Time: 2000 hours.

E. Total Fighter Time: 1300 hours,

F, Combat [fours World War II: 208 hours. 4srld WNo I experience
included approximately 90 missions of cluse support, dive boeb-
Ing and m nout 10 counter air missions, and the rest were escort
missions of such type as heavy bombers mud light bombers. A
total of 148 missions were flown during World Wer it.

G. Combat Hourb Korea: Approximately 100 hours. Counter air
npproximtely all the time.

ILI Claims:

1. World War I: One IE109 destroyed. One E262 probably
destroyed.

2. Korean Theater: One Mig-15 type aircraft destroyedv; one
Mig-15 probably destroyed.

1. This pilot has had no experience as an armnent or a gunnery
officer: hwVero he has been able to spend a good deal of
time practicing dive bombing. strafing mnd other tactics as
applied to fighter bomber work.

lPAiT I - Gun Val Combat Experience

.•A. Total Missions: 2

SB. Number of Engagements: 0

C. Number of Firing Passes on Enemy Aircraft: 0
S (•D. Claims: 0
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PART III Pilot's Coaentis

A. In my opinion, the Gun Val aircraft does outclass the F-46E
and Is almost equal to the leading edge .50 callbeo F-86F
aircraft. At altitudes this aircraft is slower to turn due
to the extra weight, and it requires more attention from the
pilot to allow him to maintain a high Mach without losing
altitude. At low altitude I found the deceleration of the
aircraft during gun fire to be greater than the .60 caliber
installation but is still no detriment to the performance or
tactics used in the aircraft.

E. As far as the length of fire In Gun Val aircraft, I believe
It Is adequate for the type Wisslons that I flow.

C. The system used here with beeswax on the smaunition to pro-
vide marking of the projectile path is, in my opinion, better
than tracer ammunition.

D. I am unable to make a coament on the 30 depression of the

guns.

E. I am in favor of the hitting power and range of the 20 m
Installation over the .50 calber.

F. If the problem of compressor stall at altitude can be re-
moved and the four guns can be fired at al.I altitudes, I
feel that they would be adequate and should fire altogether.
In other words. 4 guns fired all the time, no switch over
change.

G. Tactics with the Gun Val aircraft are no different fr^• tbqts

of the standard IF-46 aircraft.

H. I did not use the range limiter, when Installed, as I feel
that having the electric caged position is all that is
necessary. When you are not pressing the electric caged
button, the sight computes the proper amount of lead for
the target that it has locked on.

I. As the forward vision of the F-86F is limited by many bars
and braces I, for one, do not like the sight reticle camera.
It Just provides another hazard that you have to look around.
Although I do feel that the sight picture during firing is a
desirable featuree

J. The lock-on sensitivity control is a good thing and should
be incorporated in all radar sights that we have.
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GUN VAL PILOTr SW4MARY REPOIIU

PART - General Pilot Deokoround

A. I May 1953.

B. Lt. Colonel Philip E. Joyal.

C. Date of Pilot Rating: 13 Deceiber 1941.

D. Total Flying Time: 3200 hours.

E. Total Fighter Time: 2300 hours.

F. World War II Combat Hours: None.

G. Korean Combat Hours:

1. No fighter bomber.

2. 130 hours counter air.

H. Claims:

1, World War 1lI None.

2. Three Mig-15 type aircraft damaged.

I. None.

PART I! - Gun Val Comabt Experience

A. Tutal Missions: One.

B, Number of Engagements: None,

C. Number of Firing Passes on Enemy Airoraft: None.

D. Claim;s None.

PARIT III- Pilot's Comments

A. One flight would not make a good evaluation. Aircraft
seemed to be faster and more effective then the F-ME'a
which I had been flying.

B. Although I have never fired Gun Val at an enemy aircraft,
it is a natural reaction to want more time of fire. I
believe that the time of fire of Gun Val should be at least
half that of the normal F-86.
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.. My opinion, based on e1qorioaco with .50 caliber is ,cb ato
is that tracers will revider the equipment %uch more effective.;• For one thing It will stop a pillot from wasting ammunitionwhen he has aimed incorrectly.

D. I am not familiar enough to irnke a coneent on the 30 depression
of the guns.

E. From observing Gun camera film, r would say that the Gun VUl

munition is at least 50% more effective.

F. I believe the four gun: i1 adequate and should not be redueod.
The system should be such that two or four guns could beI selected.

G. i am not familiar enough with the equipment to render an
opinion as for as tactics are concerned. I do not believe
the tactics would be altered with the exception that initial
long range bursts designed to slow the enemy aircraft down
would have to be e90minated due to the short leitgth of fir*,

H. I foel that the range limiter Is a desirable feature and also
the In-range indicator.

I. I did not fire at a target so I cannot personally state
whether there would be any difficulty in tracking with the
sight reticle camera Installation.

Z. I did mot use the lock-on sensitivity control on my mislion.

i(e I aN In favor of Installing 20 u in future fighter aircraft

with the following stipulation: Longer time of fire.

&
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SGIA VAL FIL(i• SUU Y W,60C

PAU I - Cenetal Pilot Background

A. 20 April 1953.

B. Captain William H. Cbampion.

C. Date of Pilot Rating: December 1944.

D. Total Flying Time: 3050 hours.

E. Total Fighter Time: 1400 hours.

F, Combat Hounn World War 11: None.

G. Combat Hours Korea: 115 Hours. counter air.

H. Claims:

1. World War II: None.

2. Korea: None.

I. Combat crew instructor at Nellis Air Force Base for 2% years.

PART II - Gun Val Combat Experience

A. Total Missions: 1.

Be Number of Engagements: 0.

C. Number of Firing Posses on Enemy Aircraft: 0.

D. Claims: O.

PART III - Pilot's Comments

A. The flying characteristics and maneuverability of the Gun
Val aircraft were found to be excellent.

B. The 41 seconds of length of fire that we now have availablo
is believed adequate for this theater.

C. i believe that tracers are an advantage in any airborne com-
bat weapon.

D. The 30 depression of the guns Is believed to be very sound
and further research should be conducted, especially for
fighter versus bomber and air-to-ground .firing.
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E. The effectiveness of this WOGpon is far supeVAor to our
present .50 caliber and believed to be as accurate.

F. I believe the present Inlstallation of four guns is adequate.
end I would not desire fewer guns with mote uuniitiono I

S" also believe that the four gun Installation with the selector
switch to allow you to fire 2 guns or 4 guns is highly d.-
sirableo

G, No coiaent.

If* No comueut.
1. NO comment.

* K. No comment.•. Ke. No conment.

L. No coiment.

.. 1

I

I
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GUN VAL. PILIOT SU¥M Y EHAOIr

PART I - General Pilot Background

A, 30 April 1963.

B. Captain Peter J. Fredricks.

C. Date of Pilot Rating: 23 May 1944.

De Total Flying Time: 1350 houn.-

E. Total Fiqhter Tmis: 1015 hours,u

F. Combat hours World War II: 227 bours - 87 fighter-boiber
missions.

G. Combat hours Koreas

I. No fighter%-bomber missions, aulJl fighter-interceptor work.

H. Claims: H
I. World liar II: None.

2. Korean Theater: 2 destroyed.

PART II - Gim yal Combat Experience

A. Aoetl Missions; I

B. Number of Engage•etst 0

C. Nurber of Firing Passos on Enemy Aicrrafts 0

D. Claims: 0

PART III - Pilot's Comments

A. As for aircraft performance with the striight leading edge,
there appeared to be an increased amount of maneuverability
particularly noticed at altitudes. There was no noticeable
change In climb, speed and ceiling although there was a
noticeable deceleration when firing all four guns when re-
turning from the mission*
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B. Though there are only 4Y3 seconds of firing time available
to tne pilot, it appeered that this was a sufficient amount,
iu fact more than I expected. y firing short bursts I had
to squeeas the trigger approximstely 6 or 7 times, and it.seemed to be a sufficient amount of firing time available
to destroy an enemy aircraft.

C. As for tr*ce ammunition, it would probably help to turn an
enemy aircraft in hot pursuitl It is actually not necessary
because the wax type tracer can be easily seen under most
conditions.

D. I do not feel thoroughly qualified to a..wer as far as the
30 depression of the guns due to the fact that I have been
unable to fire on enemy aircraft.

E. I also do not feel qualified to make any comments with
reference to the terminal effectivemess of this weapon.
I have not observed any hits with the 20 =m installation.

F. I am entirely satisfied with the present installation of
four 20 mm cannons. I would like to see the selector switch
enabling the pilot to switch from 4 to 2 guns, and thereby
fire and damage with the possibility of slowing up an enemy
aircraft without too much deceleration. This would give
the pilot the choice of selecting the four guns after @105-
lag in for a kill.

G. I om not fully qualified to room-end any changes in tactics
used with this type installation. It is felt that any al-
terations in the tactics now being used by standard F-86s
would be very minor and easy to overcome.

H. Although I did not have an opportunity to use the range
limiter I found the in-range indicator to be helpful.

I. The sight reticle camera installation was a little annoying
at first but was easily overcome. I prefer this type In-
stallation over the nose type installation.

J. I did not use the lock-on sensitivity control on this mission.
and I do not consider myself fully qualified to comment on its
usefulness.

K. As far as the 20 mm Installation In futuwe fighter aircraft
is concerned, I would like to see them adopted, although
there is less firing time. There is a greater destructive
power firing a shorter time on target and a more positive
chance of a destruction.
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GUN VAL PILOT SLWMR REPORT.

PART I - General Pilot Background

A. 28 April 1953.

B. Captain Robert A. Windoffer.

C. Date of Pilot Rating: 5 Deceober 1943.

D. Total Flying Tinev 2500 hours.

E. Total Fighter Time: 1800 houos.

F. Combat hours during World Wow II: 12 hourn, mostly inter-
diction work.

G. Combat hours in Korean Theater: 185 hours all of wbich are
counter air,

H. Claims:

1. World War U1: None.

2. Korean Theater: One Mig-15 destroyed and on# damaged.

I. I have been a gunnery officer for three years in ADC and
also throe months here with the W36th Fighter-Interceptor
Squadron prior to becoming Operations Officer.

PART II - Gun Val Combat Experience

A. Total Missions: 2
"I

B. Number af Engagomonts: 0

C. Number of Firing Passes on Enemy Aircraft: 0

D. Claims: 0

PART III - Pilot's Comnents

A. First, there is a small sacrifice made in the Gun Val oit-
craft us compalred to the normal F-f6 in climbs above 40,000
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; Yt e 2iVi ( Val alotr d"Ye~s Ira quite as Weill

A09- little bAt liwev~ Uxmi the w~ol F-6 A4 Az*r as
Is ~cpet~o4, I think #.No Gun Val aircmitt

BVr9 fQwp *vs~ VO io hsv mvr4 decelei&stiem
ýh il0' calý-i F-4i; hwm-m ý do not believe !4:-'iat

* y op'-riai, Oil leogth of fari Is a ug '440tougi., If
lemg~u of tire wer Ancreaued to b o., 8 seconds wflth

W~i g klil xti.o Considarably.

C.H i4 w

F4 i rv, voti 1l t oi Milt an1 1 '4 not Xkthe
maxo ofZ t3p1ws should 5.e out dwt~ to fuer.aswe the~ :mount
1ý wwvtý 1,14 k.wUnitfon should~ be. In~fat I
C'Oje~r way's, A' t.vzisible4 t Thlectt AwOOO ~tch to All1ow
Lb. pi I-t to -4 2at 4 ývas, I trzimir i, ý 'ii. 9 Iedea.

K . do not bellew. the tactics are aftoe ut all,

1tThe reago limittse stubilIixirg the sight w' lov~i 'emge Is
vat. dmjoi~bAQ, 'nd I 4Jo not bakllse the. ý*-m~s Indicator
Is 1. edod for Y expanvlonced s!~jb man.bt e

L- gtt -mrt~~ to ir? at short time.

j. Tjs loiko Sesitlv~ty oU.navA aso used arJ')flights.

and f'~ tink. At [~Isa; 0410 iqotuIr3 bA' ~ . he2

are very ilosivvible wtht (~tow uwues.
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GUN VAL PILOT SWUAIY REPORT

PAW I Ge-eral Pilot Background

A. 10 April 1953.

B. Captain Murray A. Winslow.

C. Unhknown.

S. Unknown.

F. Unknown.

H. Claims:

1. Norld War II: Unknowdo

2. Koreas 4 destroyerS.

PART IU - Gun Val Experience.

A. Total JMssions: 3

B. Number of Engagements: 3

"C. Nomber of Firing Passes on Enemy Aircraft: 2

D. None.

PART III - Pilot's Comments

A. Effectiveness from hits wis not observed personally by
me although I am of the opinion that the .20 mm mmuni-
tion as compared to the .60 caliber amnunition is much
greater and effective in fighter type aircraft against
the Wig type aircraft we are fighting in thii area. I
give this opinion due to the fact that I believe a strike
by a 20 mm Inatead of a .50 caliber would have slowed )
down the enemy aircrft to the point where we could get
into a good effective firing range and finish him off.
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S~io

B. I believe the length of fire for this particular type air-
," craft is too abrsheet.• fte-..-.v2";"' aw overall experience lQV#1

of the type pilot$ that will fly our fighter type aircraft.
I would consider 6 to 10 seconds to be w&oro desirable.

U

C. As far as accuracy is concerned, I believe tracers would
have helped considerably in one Instance when X fired on

(, a Mig with this weapon, I feel that there Is a require,
ment for tracers.

D. The change of tactics of the aircraft with the 30 depression
of the guns appeared to be very slight and did not appear
to effectively change any tactics as far as this theater of
operations is concerned.

E. Comparing this installation with the .50 caliber, I do
think the 20 m is a much bqtter gun to have Installed.
The reticle vibration and the deceleration of the aircraft
is noticeable, but I do not believe that it would change
the advantages of having the T-160 guns.

F. No coiment.

G. No comment,

H. The range limiter appeared to work fairly well. The blink-
ing of the sight reticle was adequate, and I do not believe
it was too intense. The range limiter did help me to track
more accurately, but due to the fact that I could not close
to a point where I had the range limiter set, it did not
particularly help me. If I had had the time to reach up
sad change the range ) 4'aiter to a greater range, r would

,f. have been more accurate with my firing. I do think the
range limiter, if the pilot is properly trained in the "se
of the sight, can be very desirable in the type of combat
flown here.

i. The reticle camera will not greatly hinder the pilot in his
forward vision.

J . The radar lock-on sensitivity control, the sight, and the
range limiter, I believe, are very helpful to new pilots.

However, in order to properly use the forementioned Items
of the fire contiol system, each new pilot wuit be propowly
instructed as to their usage and operation.

X. Just as an overall summary of my particular experience with
the Gun Val aircraft, I do feel that a caliber gun larger
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thaen the .50 caliber. The 20 mm Is very adequate although
the length of fre Is too ihort considering the overall ex-
perience level of pilots who fly the aircraft,

L. Although I am of the opinion that the 20 -m uiinn itlaon as
compared to the .50 caliber naunition is such greatex and
more efftctive in fighter type aircraft against the hig
type aircraft we are fighting in this area, effectiveness
foom hits has not been personally observed by me.
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GUN% VAL PILOT SIMARY &M~'OIT

PART I - General Pilot Background

A. 14 April 1953.

C B. Colonel George L, Jones.

C. O)ate of Pilot Rating:

D. Total Flying Ti*: =4 VGuEs.

E. Total Fighter Time: 2077 Hours.

F. Combat Hours World Ar II: 112 [fours.

L. Combat houts In World War II were flown in P-47 aircraft
participating in long range fighter bomber strikes over
Japaks and China,

G. Combat Hours Korean Theater:

1. Counter Air: 280 combat hours flown In F-86Av E and F
type aircraft against Mip-15's. These missions were
flown over a period of time extonding from June 1951
to April 1952 and Januaxy 1953 to April 1953.

H. Claims:

1. Korean Theater'- .6-1/2 MIg--IG aircraft destroyed; 4
SMIU-15 aircraft damagod.

I. Gunnery Experience: Instructed in fighter gunnery In F-47's,
F-51's and F-86 aircisaft kow Flight Counander and Squadron
Commander.

PAICT II - Gun Val Combat Expcrience

A.4 Total Mlisions: 40

B. Number of Ergagements: 25. Engageawots include only those
occasions during which my flight waneuvered for po•:tlon to
fire on MIU-I15's or the .l-,15's atLtepIod an wt~uck on us.
Occasionally several engagemeats occurred during one mission.

C. Number of Firing Passes on Enemy Aircraft: 14. This total
inctudes fMring sevtral bursts at the same 'ig on those
occasions during which a Mij was bounced and chased around

Appendix J - Page 00
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the sky for 5 oc 10 minutes.

r. Claims: 2 Mig-i5 nircraft destroyed. I Mig-15 airciaft
dwamlged.

P/AitT Iii - vliiot's Cornments

A. Alj_,eft PerfnMpnco:

1. A slight penalty in aircraft performance is paid for in
the Gun Val Installation. This small reduction in air-
craft performance Is evident in the climb and handling
characteristics of the Gun Val aircraft at altitudes of
4G,.000' and higher.

2. The level filtht uod maximum dive speed of Gun Vai air-
craft is equal to that of the standard P-06 aircraft.
|UIwavvL', in my upliiun thu attndard F-06 has a slightly
hiyher ceilinV than thti Gun V'ai aircraft. This assurp-
tion Is based on several insLtWWc81 durlLg which Gun Val
al-craft and sttudard aircraft were flown In a ientjthy
stwrn ohhame asoinst high, flying Mig-IG aircraft. On
these uccaslous the stanidard IF-_6 uchioevd a 1i4O0' to
LMUQ' dlfItLde advantsue over the Gun Val aircraft.
(Note: IlowI•vr the MVg still climbed away from both

3. euypy :h .yw Gun '1.1 aircraft Maneuvoc&ability In
combat V's" TIU'- s was not affoutod to sity Uroat dlgrue
by the T-IGU instailation. The slight dl gfenicc be-
twooc a Gun Val F-34/ aud .UU calibo.r I.'F-U Is .ho Uvieater
none heavitius of Gun Vial aircraft which is noticeable
abouve 45.,.QJ. )his cmi -be haudlod by jidfclloua U5i of
stick trirt and stick peruiuraem.

4. /IZg ge r .tit: The sieed drop off d~irliri thi fI'iJg f 'I

oll four Uuts oil a L,; to 0 seomnd 14, Vt Au smuh "W,'.
noticeable in the (.un Val instibia~tlon. T''is bLr-onei
especialLy appArelt Whlet1 firing oU1 ',10Ay *lcraft at
h1&,h altitudes ,snd siuw air speeds,,

B. LLiut, of _Fire: Fuur and oue half ,,ectOitif ou' f re is in-
adequate to ieffectively copo with the apwblt firinu biLuatlons
most usumlly cii uteitercd. To meal pvs.ant and, immediately
foruseeabie cuiranat conditions, it appoetr that 9 'to 10 seconds
of fire shvuld be provided, This•l. h hird on firSii oppottuni-
ties us they are Influenccd by the present fire cuntrol system,
aircuraft .oz.-i:,,.• a.,1 intt4il led armament.

AppasndiY; J - I'sijc 01
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C. Irces: Combat experAetice in Korea Indicetes that the use
of tracer aimmunition is highly desirable In air-to-air cactabt.
The fire control hystOeo now In use will not compnte aocurmately
und.or all comb~at firing conditions. Tho use of tracer tiwuni-
tion as an mid to the fire controlI oystcm wbon umed In can-i
Junction with the slobt. has resulted in the fr~equent destruction
of enemy aircraft which would have otherwise gone unseratched.4

ti Aside from the primary uite of tras3ers as mentioned, tracer#
are help~ful to a pilot when, firing on aircraft whiah is out
of harmoniization or whon using a sight Wilie.h Is. maulfunctioning.
floth situatiorii arti ;;ovci~of ocou eeeceg In thea fioid,

o. 30 %4senfowa Griust In m~y opinion the 30 nose down installaison
in the F'-06 m ids It difficult to trock r. tartget from directly
astern becaus~e it forcois the pilot to fly in jot waush in ordev
to hold the pipper on. The resulting yaw and pitch movement
of t'~e aircraft nut on-ly hinders accurate sighting but,# probably
inacrtisei bullet dispoirsiuui considerably.

L. I ivid~ Ef0pnt~viotiams The termilnal effectiveaaeis of this
0MI utallatiouni wuah greeter thui1 the .50 culilbr in-

staltutlioi. As an example: using standard ".50's" 1 fired
ate M~lj zeoin deaid aiitosa raniue U(W&' and attitude 243,OW'I.
Ilia firinU burst was a 2jý to 3 aofcund burist, the patvitur
4Ou4Iloae~ly icuverod the fig'so fusolwga aud the &NSg went downi
bucauln 0  Widow alrwowt identical circumstances I fired um a
MiV e.4winU thu 1-16U !r.;tilcajiun. Thiw tl" the aititudav
Wall *32.O(W) Mid I firedl a 2 oeadond buvat. The £01Y'r fuselage
wall blanketed with hitil. In lses then a Isecond this WIu went
dow~a buroaily au heavily thaut the last-,hulf of the bisrst was
Prububly inoirroutive tbes.,IMws the smoke was so dense I couuld
nut age what~ I wias Shuutitny at.

*1. lhst p1:eaclat four Yauri installationa filfills combaJt &:a-
qul Lat.-mitts froms the stsaudijuint of totitina& balliIst ics
off~etivonvos, itat of fire, and dAspesion~u pattern.

2. 1 ii o ut. boeiioe thai5 fewer uunis with vaoie simaunitlon
would be a desirable uupruwilv.Ir Wlosuiao of the rodu,;Od
hit probal~illity f such an Inintli atiunuianirtax they
were mounted i le an siscroft Whizh Vwstessed a A Of A ue
pnrforlasn.ue advantage over the s1I.Craft OUmIFIat 1111110

r ~It was flowne. 1he muste affectivo way to raise the hilt
probability rato for eany insalulation is to havis a

* positive rato uf cloture aned "'jot clapel befuor f'itiaa.

Appendixc 3 -pagea (iý?
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3. A selector switch would be desirable to tile pilot
to f're two or four guns, depending upon the circunsta•aces,
However, this type of switch is not absolutely required.

G. Tactics:

1. The tactics used by pilots flying standard F-86 aircraft
as compared to tactics used when flying T-160 modified
F-86's are identical. They are primarily offensive
tactics designed to place the attacking element into
effective firing range and position.

2. The T-160 installation did not show a consistent increase
in effective firing ranges over that of the .50 caliber
installation. Primarily this can be attributed to the
problem of fire control when firing at small fast-moving
targets at long ranges. Major characterittics of the
installation together with remarks as to effectiveness
as compared to the .50 caliber installation and tactics
are as follows:

a. Hiher Cyclic Rate

Total rounds per minute almost the same as the .50
caliber installation thus affording almost equal
hit probability with such greater destructive power.
This factor increased effectiveness of tactics used.

b. Shorter Time of Fl iht of V•0

Made no apparent difference in fire control effective-
ness under 2000' range and at ranges approaching 3000',
I doubt that the 20 -m projectile has a greater re-
tained velocity than the .50 caliber due to the better
sectional density of the .50 caliber projectile.

c. Four and One Half Seconds of Fire

Reduced the effectiveness of the tactics used when
compared to the 15 seconds of .50 caliber fire
available.

d. Discharging Spent Cases

No effect on tzctics. Wing men had no trouble in
avoiding discharged cases.

e. Aircraft Deceleration

At very high altitude firing at slow airspeeds, the
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decel'briltion 0~ducedi affecý1ivades Of the taolii
Usa~d e Dee!rtitotl waii n*ut vuvticulary iaoticeagbl
wlvaita 2firT1i at high Mauh opeads.

In my opiniona usid duwgi depreatiozi of ",h% guos ro-
duv~d affectivoooss of tactiov Ustd b~coubw It foc'
tst ptlit into fiyinij in tho ict wash when txacking a

VV

Mtny ttwo woeta ofrglI'vo thmai tho .60) calibsi rounid,
1thIi oau rcat~ut! dlong g!Pvtly laurcubcd 00' Ur~vive-
DO%$ of C tvt±'lj.d U004.

64r,** !-Allittun did nut abianUe 4nefeaivv %vrjiicw

to The 1b8volimit :111 11 a defiwite asuist tu the pxr.suat
(tse wqsttul my,.- W. The Inr*-kuUj ihdica.tur VattLuo of
%No MAVWr Iii ~ S Very l54ucrsat Nlaw. the pilut Vona

£ t~er auto ho Is iii c'kag. athout takln~I his Oyswaf oft~

I. Wilt 4aj11jo iiip~kn Wh1ich was fir~st utilized
pby %ha GwkiVal slrult 't% %00 4uTg wad did offeat the

pilut's vialbil~ity 'mtein tv pick up or truok a
flttU eavinU .i~iarjt. Thl0 now reticle WhItch Waas finally In-
*tlsled In theme m.hhkwt was m grestly iWImpaodM ratiole
ifistailatliou a1Wd a uWi~iitrn easset to the aromui. zybtem.I hivihly rsi'v*011 a retici. of this type of lustollotion
in tutuiu fIUyItDr sia'qrilft.

J. Thf JJuýk nl 'SO II tiAk"!:,0tkYv Warn Used oil ptfiuticIsly
ovexy mission. This Ufiture 1ncrasse5 the e)ffeotiveaess
of this fire control syterni.

K. Addiliona I O t No amount of fire control equipment
will ever pay for itsoli If It Is mount~ed on a gun plot-
fo~m. froin which a piiat fires from an out of range posltiouý
either thxougla lack of pil±ot ability end judgmeont or through
sheer lack of afiiraraft peorfora~mnce.
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L. lec~yt In air oviobt today there. Is a d0rlwi;. roqiremie.ait
fUlk a HL Maild iU43h PagStiCNta MJ rwi p* *ad tea~a Lwtgw

at**o aircraft striactuto, The t.wrod'hrot fo~r this type
of project1AileWLL 1wmuteo lit to :Utur~os w tua
Utronth Is iuares'a4 to &met he stresses or higher~ speods,

Combat peaieos Au KOwed b~a OhW"M that in vivotaft hit wavd
dawagOt by ia~scuu firew (Mlg- fire) cow seldom be rowtrt~od

able to fly it back oud lewd at his hwu. base.

mmo ý.uv Val T-160 Guna woo tasted under~ th. following caudi-.
tions IN combat which soedou*Ay limited Its combat *tffotlvm-

1. Coc~itesolo atoll of aircruaft *agime masdo combat fixing
coaditioan~.

Limited to four %ad ase half secouds off fire.

3, Limlttd to moo of only two vgIKA above 35,00W' (No Ns-
satisfactor~y attempt to pxrcvmt- comprilsovo stall),

In spite of these limitations a avatto of :0 Mig-15's destraoyd.
3 Rig-16"s pr~blRy depttoyed*4 10u W 19I~SO .LAtaqod as
opponied to two P-43'Gui' Vola aiaatcptt dwasaad to combet. was
mchieved. This 1d0vevos a high gun *ffotiveno.s. In my
OPINION Aprp,. T plcrb.iat limittAtIoan alce xcmOviid th#) W i"u
guni vhoumI4ba'A'avtv11d lit oue fighter'sircraft, This Is-
stallatf~on will 'tbon rosult In a deflalte-Inre~aso In eava-.
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SiC~URI-iY INFORVATION1

FAP LAST AM FORCL-N

O/UI £'01tl*aotrv San Frtosa CM1iro~id*

60u44'tl Goxiuirruoe in Finma av~- of hvrojpt Qivirs-S

T~a Comandilng Gezwra
Air Proviua Groughd Commmd~i

* ENgliui Mr roros hbvow Flarlda

The findivgs, as wteai1d in the wM1l roport on
the Korean plmaov uZ Pru4* ut Gtuý-YVl b~wvil~ revioved
by the Coinmanding Qeaiortl, Pr Emo Air Vbmseu, andi tio
aomol.Wiona azd reconundrxAtiona are conuurrod iu.

/1 JACOB E. SM4*T
* (1 Brigadier Ounerol, MWF
* ~Deputy for OperstIoii
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DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND

WRIGHT-PATTERSON AIR FORCE BASE OHIO

FEB t 9 2002

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

FROM: AFMC CSO/SCOC
4225 Logistics Avenue, Room S 132
Wright-Patterson AFB OH 45433-5714

SUBJECT: Technical Reports Cleared for Public Release

References: (a) HQ AFMC/PAX Memo, 26 Nov 01, Security and Policy Review,
AFMC 01-242 (Atch 1)

(b) HQ AFMC/PAX Memo, 19 Dec 01, Security and Policy Review,
AFMC 01-275 (Atch 2)

(c) HQ AFMC/PAX Memo, 17 Jan 02, Security and Policy Review,
AFMC 02-005 (Atch 3)

1. Technical reports submitted in the attached references listed above are cleared for public
release in accordance with AFI 35-101, 26 Jul 01, Public Affairs Policies and Procedures,
Chapter 15 (Cases AFMC 01-242, AFMC 01-275, & AFMC 02-005).

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

LEfORALU. NOBLES
AFMC STINFO Assistant
Directorate of Communications and Information

Attachments:
1. HQ AFMC/PAX Memo, 26 Nov 01
2. HQ AFMC/PAX Memo, 19 Dec 01
3. HQ AFMC/PAX Memo, 17 Jan 02

cc:
HQ AFMC/HO (Dr. William Elliott)



DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE MATERIEL COMMAND

WRIGHT-PATTERSON AIR FORCE BASE OHIO

MEMORANDUM FOR HQ AFMC/HO

FROM: HQ AFMC/PAX

SUBJECT: Security and Policy Review, AFMC 02-005

1. The reports listed in your attached letter were submitted for security and policy review IAW
AFI 35-101, Chapter 15. They have been cleared for public release.

2. If you have any questions, please call me at 77828. Thanks.

( /gecurr'ty and Policy Review
S~Office of Public Affairs

Attachment:
Your Ltr 14 January 2002



14 January 2002

MEMORANDUM FOR: HQ AFMC/PAX
Attn: Jim Morrow

FROM: HQ AFMC/HO

SUBJECT: Releasability Reviews

1. Please conduct public releasability reviews for the following attached Defense
Technical Information Center (DTIC) reports:

a. Flight Test Program for Model P-86 Airplane Class - Jet Propelled Fighter, 2
December 1946; DTIC No. AD-B804 069.

b. Physiological Recognition of Strain in Flying Personnel: Eosinopenia in F-86
Combat Operations, September 1953; DTIC No. AD- 020 375.

c. Phase IV Performance Test of the F-86F-40 Airplane Equipped with 6x3-inch
Leading Edge Slats and 12-inch Extensions on the Wing Tips, May 1956; DTIC
No. AD- 096 084.

d. F-86E Thrust Augmentation Evaluation, March 1957; DTIC No. AD- 118 703.

e. F-86E Thrust Augmentation Evaluation, Appendix IV, March 1957; DTIC No.
AD- 118 707.

f. A Means of Comparing Fighter Effectiveness in the Approach Phase, October
1949; DTIC No. AD- 223 596.

g. War Emergency Thrust Augmentation for the J47 Engine in the F-86 Aircraft,
August 1955; DTIC No. AD- 095 757.

h. Operational Suitability Test of the F-86F Airplane, 4 May 1953; DTIC No. AD-
017 568.

i. Estimated Aerodynamic Characteristics for Design of the F-86E Airplane, 26
December 1950; DTIC No. AD- 069 271.

j. Combat Suitability Test of F-86F-2 Aircraft with T-160 Guns, August 1953; DTIC
No. AD- 019 725.



2. These attachments have been requested by Dr. Kenneth P. Werrell, a private
researcher.

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be

reached at extension 77476.

HlN D. WEBER
Command Historian

10 Attachments:
a. DTIC No. AD-B804 069
b. DTIC No. AD- 020 375
c. DTIC No. AD- 096 084
d. DTIC No. AD- 118 703
e. DTIC No. AD- 118 707
f. DTIC No. AD- 223 596
g. DTIC No. AD- 095 757
h. DTIC No. AD- 017 568
i. DTIC No. AD- 069 271
j. DTIC No. AD- 019 725


